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PART IU. 

FRENG@TH OF MATERIALS. 

L/ 

, tag - ae: ye Sey ace 
Lap. +B Slementary OLvEsses i oti QUIS. 

8 DEFORMATION CF SoMD SOULE Sulu die 
ing pestions of this werk »whal was called techn SSA 
beady WASd Supposed incapable of changin ils form pbek, The 

Ins US parlicles yelalively fo each elher, under the action of 

forses To be brought upon iL. ihis supposilicr was made be- 

-¢ the chance df form which must aclually oegur does net 
i iably aller the dislances, angles, angles, ele. measured many 

e R body pared most of ihe preces of a. properly desned shrue- 

Tare or mache, fo show how the mdiidual pieces of such 
onsjruclions should be designed ts avoid undesirable deforma 

ion or injury {s the abject of thes diviston oj Mechawes of En - 
ping, viz., the Slyengih of Walevrals. 3 

re ee As perhabs The sunplest in slance of the deformalion oy dis- 

oes, 

oe 
« 

oa dy 

ly 

ES, 

: ae 

ton & a solic lad us consider the case of a prismalié rod 
slate of tension , Ma, 172 Clink a a SUYVRY OY S cham , 
a : ; 

). Vhe pul ot each end is Pyand the body is said te be uu- 

ams of the prism. Tt is now deformed, the four faces per~ 

4 bendicular To the baber being longer than before while the an- 
gles “BAD and BCD. originally night angles are now smaller 

by @ cerlam amount § ABC ana ADG larger by an equal 
ee, ‘amount § Tha element is said tf be ma stale o STRAIN. 

- ViZ.+ ihe elongation a its edges (perpendicurar &% paper) is ; 

called a TENSILE STRAIN, while the allevalicn im the on- 
‘w 

a ES nee aes Bor A MeN Ca ee ee 
ee ee er) ee i santa IY Go ee - rs. 
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LEM. $v RESSES aes 
el — 

ib faces is called a shearing strain or ANG 

((somedimes also called sliding | ey er Tangential , 

has been made to ste , relatively te AD, and thereby 

ea of angle). LT This tase of the word sIraen; 

Pion asnong. many at sb a , techweod Be th 

TKAINS. Two KINDS ONLY, dust as a cun- 

a ay be considerced [3 be made, ub af small slvargiet hne 

$6 the subsiance of Any solta body may be considered 

ide up of small conliguous pe avalle alopepeds whose angles 

n 9a? before the body 15 Sealy veclad Ib The eel ca of forces 

hich ore mob pecessardy cx ee A Mne of such ecletents 
an elementary prism is somelimes called a fibye | hut 

snot necessanly amply a fibrous nalure tte fhe mater/- 
estrow he oy Slew of | Imag inary culling sury{aces by 

le the bedy > Hae subdivided need not consesh enlirely of 

ence 5in the subject of ‘lorster , jor inslance , the parallelop» bed. 

nents considered he in conten Mie mliaveal shells, cut 

Transverse rire, vadic) Ddlanes. 

€ Vhese elemenls ore lakeu so small that the only pos-. 

ek weug es of form nt tm Qny One of Theta | AS Induced by mH SY3S- 

aa om of exfernal forces acling on the dedy, are elongalisias or 

Gon clions of uly edges and alferalion of us anges, he ave 

kinds of stra ELONGATION C conlvachor | if meg. 

180, pier isu © ED FORCES, vS TRESSES.In 
the mater preceding Ft 445 chap i igy ‘t las sufficed for prac 

heal ot oe consider a force ea applred ata peel of 

reas ‘a abivaxie The See Lewintihe be subjecled lo an 
. sefivite force ber ant of area, ( Forces hike graualy , may - 

ate allrachor ele. we have al yeady \realed as dishnibuled 

aver the mass of a kody, bub reference is now had barlc- 
ty To the pressure of one bods again st another, er 

~ 

2 





ELEN. S7 BE SSE S.. He. 3 
ion 3} one po orfion of The body on the remainder.) for 

e, sufficient surjace must be provided between the end 

é aded beam and the brer oN which ab ress Te avord in ju- 

To ether. Again too snail a wire must not ke used to susiaina 

n toad, or the tension joer unit of area of is exoss section be- 

sufficcert to rupture ef. comes 
ae | Sdress ts distributed ‘fovee, and tis intensely citany point of 

Se the area és 
“iN st ‘ dP i Pie 

as ae 
‘t i where ie ts a small area containing the pount aud dP the fovee Ove 

Ree coming upon thal avea. If egual ad P's (all parallel) act on equal 
ee: Ft of a flane surface, the stvess is said-lo be of uniform inten- i 
Bes aidy, whieh is then 

: = 2) 
where p- tote! force dud F the total avea over which it oA The 

steam pressure on @ pusten isan examble of stress of uniform in: 

P & _ tensity. 

Be 181. STRESSES ONAN ELEMENT; OF TWO KINDS ONLY. 
When 3 solid bod any material (s in egiliprium undeva 

system of forces va do net ruptuve it, not only is its shaje a- 
a tered (ie. its elements are strained), and stresses produced on thee 

planes on whichthe forces act, hut other stresses also are induced 
C on some orall internal surfaces which separate element from et- 

= ement, lover and above the forces with which the elements may 

on has ve acted on each other pefore og dari of the external 

stresses oY “abblied forces’). Se longa as the whole solid isthe 

“free body” under consideration, these “interna! stresses, heing the 
a forces with which the portion on one side of any imaginary culling 

a plea acts on the portion onthe other side, donot appear in any e- 
er quation of eguslibyium [for if intreduced they would cancel out): 

bul if we consider free a portion only, some or all of whose bound: 
% Ry tag surfaces are cutting lanes of the original body, the stresses. 

——ewisting on those pers are brouglst into the equations of egu- 
E — Utbrium. 





=LEM. STRESSES, ele. 4 
arly if a single element of the body is treated by tiself, ne 

on all six of its faces , together with its weehht, forma balane 

stem of forces, the body being supposed at vest. ie 

example of interna! stvess, consider again the case of a rod 

m. Fig. 193 shows the whole rod (ar eye-bar) free, the for- 

eing the  . of the binsin the eyes, and camsing ex — 
YESS (compress LOK here} on the surfaces of contact. Conceive 

| ection made through AB, far enough {rom The eye that 

Ay consider the internal slress te be ani form ta thas eec- 

na consider the porlion ABC asa free body, rr fg. \G4. 

stresses on AB, now one of the bouncing surfaces of Ihe 

body, must be parallel te as 1. Normal h% AB: (other 

uded by the necessity of 2Y being = O and the sup 

w of umformily.) Let F = the sechonal area AB aud 

e@ sires ‘per unl P) Aree 4 then ’ 

=O gwes t= Fp oe age p= Gigs ee 

2 shale of infernal sleess then > ts such that on planes fer- 
sular tothe axis of the bar the stress is tensile and normal 

Se blanes}. Sinee cf a section were made obligue to the ax- 

he bar, the stress would still be baralle! to the axis for 
as above, it is evident that onan obligue section, the stress 

mm bonents beth normal and tangeritial to the section, the 

( component being atension, ; 

as bresence of the tangent ial oy shearing stress in oblique 

tons is rendered eridert by cansiderina that fan oblique 

J “a 

of two forces, cach-P and applied centrally in one hase,we may 
show that the state of ixternal stress is the same as that of the 
vod under tension except that the navmal stresses are of cont 
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__ElEM. STRESSES, etc. , Ape ony eat 

e. compressive instead of tensile, and thet the shearing stress- 

dency to slide) on oblique hlains are opposite in direction to 

ose in the rod | 

Since the resultant stress onagien internal blane of a body 

ully represented by its nN ermal asd tangential component s we 

+H, ere fore justified ih considering put two Kinds of internal 

wormel or dirsct , and tangénhal or shearing, 

RELATION BETWEEN STRESS AND STRAIN, © 

tn length and which has jJwe faces bavalle] Te the paper, 

faken near the middle of the red in {eq. 1973. La thean- 
lew ich The face AB, cq. 196 , makes with the axis of the 

ved be = “. Aas angle, {or our presenk purpose, 1S Con secl~ 

er To yemaw unchanged while. the Two force s P are act 

s before They achon. the resulfant slress a: the face Ad 

of on tnlensily p= ae FG ( see ee. 2) per uml of Trans- 

— gechion of red yas ae Ca sin %)@&. Hence its com fronent 

Lt AB is pa*sin’a and the tangential component = 

1X COSA . Dividing by the avea,a* we have the following : 
a 4 : ; 

r@ yod iw sumble Tension we have, Ov oplane making ay at - 

- 

a NORMAL STRESS =p sin’ perumt of areas auc 
| SHEARING ome = ? Sin & Cosa ee 7) 

pastel exaggeraled . the shrasns or change of form of fhe 

ele menl 

long as the stresses ave of such modercda value that the 
. a 
ppetce rvrecavers us ergival form Comb lefely wh en the exlernal 

ita 
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ee lot i. STRESSES gery 
whiek int dLivce the stresses Cre removed, Corres pond 

yesses and Sty ging Ae DO PE iy ¢ q ( Hooke) 

may be ge Considered pr practs cal bwyrpa ses, Beto re 
ain the edge AR Was equal to &s as the forces P (fig. 

; 93) are gradually ineveesed the elg ngat jin ax additional 
length of AB increases in the same yah 9,45 the narmal 
shress 07 BE and AD per untl of arre. AL scalar siate BS 

- ment muy be made con cerning the elongation ofA Dand the 

Stress covressonding te (f te, the normal stress on DC and 
4 ve Z hos S forthe eagle stresse¢ 

pe a Psy ( 19 °— Gog ( Bes 
. vos! MY ¥ wtito I : 

rs the yalue of a the angle which the gra n must make with tre 
axis that, as P increases. the danger of rupture from each 

Souree may bethe same, This requires that 200: 400: psiny 
Cos > p Sin® & te. tance must = L600 WS XK= 

. 634 : If the crass section of the vad ts 2 inches, the force P at’ eachend pecess ary ts produce rupture of either Kind, 
— whenw = 634" js found by uliing Pp Sin& Cosa = 200, 

BP = 506.0 [bs, iad yy inch . WV ence Since p = Pie i P= 1000 dhs, 
(Units inch and pound :) 3 | 
i 48a. ELASTICITY <sthe name giventothe property 
‘= Which most materialshaye, Ta a certain extent , of reg aini 

their oviginal farm when the external forces exesed a certain limit 
called eLLASTIC LIMIT» the recovery of origina l form 

a 

ro ae 

— he 

ie 
; : 

vy s 
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FM. STRESSES. | 
the elements is. ox! y partial the hermanent deformation he SET es is 

* , | Bigs ie i ee ee of i igh theoretically the elastin Lait (5 & evfect ly clef. 

€ OG ig S tress ; experi niental iy (ees SONTEW fy at in def- 
ee td { Py 2 i ae 

a 5 gereraily CON sf dered T? be reaohed WHET the per 

oy “t Sire 3525 Gre weregs- 
© Vest ese, ‘6 Siw et Aanrbte Theva tar recgvery 1, the c ai ’ Ne, f u i Dy 

rest | 3 | 3 
BRE LINNG of sivess: token welt withes the clase 
mes the worktrg sirengi a, er gale load ot The baece 

deralion _ Eg. , the Tebl es of eorfe Jocud ¢. of the volled 
som beams | foy floors, of the New Jersey S feel 
Co sab Trevlon., are com puled, on the theory that 
U nayvmal slress (tensran @r- com jy-e sstor ) eckurrivig oh 
nal plane shall not exceed [200d Ihe. ber s¢ 
realest shearing ress +000 Ths per 59, tnch . 
LUIMATE LIMIT ts veeched whew yublure occurs, 
MODULUS PRU LAs TOV y ( somelinres called 

il of elashely) 1S the ruinbey oklatned by the, slress 
€ of area by fine, Sorresponding vrelofine, slratn. 
Sa vod of wrought tron of + 

‘ tcl. tach, 

a9. rch, sechonal” aren 
yeeled lo a Tenston of Az Tons = JOO0O Vbs. yt tt & length Which was six feel before. Tension 
CO 2 fe. ig y V3 relaliws lovecs Eenchincn? slam or elong- 

The, & = (0002) 6 =}: nee 

=? =F = $o000+t = l0ov0 Ibs, ber sq.tach, 
ey clefirhon the ye prong clashe ly 1s (for Fensiory ) 
= Je € = /Ocvn ote SPR ne 30 CEG 000 Ubs per 

It ww} be noluc ed. that since z 1s hw ab sige: 
ee is of the Same quality as Pp. , ie, Tbs, per $2. 

2p OY One chumension of force divided by Twe az 
WARIS ONS 





ee a ae STRESSES : & 

space. (Tr the suby eat of stre: agt hh of mate vials the 

ch as the most Seatac English linear unt, when the 

DORRTEC is bhe unc of force; semekimes the foot and ton are 

ed. together.) 

beg Fare going would be called the modulus of elastertyaf 
canes 1T9 in the direction of éfi< fibre as 
4 noer ey 1 he experiment aces Bust by eae fas f and 

7 fora aiver ae 

om ire ferent | Fidveant conforms this approx 
Ee ately. 
- a iratlariy, the modulus of elasticity for compression E, in  aqiuen drecticn ma giver maternal may be determined b+, 

nts on short blocks, or ort rods confined lateratly to 

“i modulus i aHGE iy for -theasiny, Ss, we see 
gq Stress per unit of area m the given direction 

in 7- measure) the hie Mica, angular strain 
rstertion, 

Unless otherwise specs fred, by revo ditles sof elasticity will 
, meant a value derived from eiperi ments condacted 

within the clast< limit, and thus, whether for normal stress 
ee for shearin 48 approaimapely constant far a giver ds. 

ay rector tra given sabspance. 

a 8S TSOTROPE.S. This name cs qiven to materials 

Pa  wletck are hameg enous as regards therr elasts< proper 
tres. In suck o meaterial the medali of elasterty are 
B iediviaaey the same for any direction. Eg. a rod 
7 of reéger cut gut of afar rge rerass will exbreit the 

* game elastrc beohauser when subjected te gencseon, what 
ever rts ore cnal posston im the mass. Fbyous ma- 
meals hike wood and Wire s ht fron ave mop fsebro 

pre; the direction af mei tn the former must ol 
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: asudered. The” ping’ ond weldeaq of numeraus small hie 

. prevents tne iclact tong ny i We hei ag thc 6 pec, 

| ILAENC E re Pers to the potertict ctu ey sioed na ord 

external foress ina stable of stress which does net bass the 

at On Us velease ream, dome traint by vivlie a} its clectio- 

n pesyerre & caren asaunt af werk called the westlaence, di 

aan ouaT shen the sar cunnelances of cack case and the aa- 

the material. | | e 

SENERAL PROPERTIES OF MATERIALS. In view of some 
Hons already made we. may Say that am water val iy ductil le 

uttivanate Limit is fae vemeve d frow the clastia limit: thet 

lihe glass anc cast ivan _whenthose lnits ore near to- | 
f stmail rood ulus of destioty meaks thet acom b oe ' ; 

: 4s RECESS to brodusce a ayy op. charas cf ferm and vee 
inblies ite or netting concerning the stress ov strain af 

¢ limit; thus Weishach gikes ie far ver oigytl icon 28 008,600 
a, 

& 

sit are the same for beth meterials, 
ENER | INTERNAL OTRESS. 
treated inthe mathersatical Theery Utes devel- 

e E fev cast tren, while the cembressive shesses althe 

ft Lave, Clapexvon and Poisson, may be stated os follows: 

dhe original form ef ahed wher sl en stress, aud c¢er- 

icignts epending on its seks broberties:; reqacvedt the raw 

the altesed shape, and the intensity of the stress an, atk 

six paces,of every demertof the body when a given balaveed 
‘af farses cs applied to the bedy. Rigs 
ions, ‘ this theory, of certain problems of the nature ysl 

vis welve elabargte, intricate and tulky analysis; bet for prec 
: urposes Nasier'’s theeries (i838! and others of more receul dale 

; fcieaatty exact, when their rave ale are property deter mined by 

siswents cavertng a wide Tange of CA76$ und naterials. These 

Ht be qi ren th the present work, and are cont paratively simple. Jn 
R cases graphic will be pre ferred te onalylic metheds as more 

Simuple ond divecd, aud indeed Lov some probleras are the omy amet 
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ELEM STRESSES iQ 

iscovered for ch taining solutions. Again, experiment is releed 
exelus ively in dealing with bodies of certain forms ‘under he Bae 

rem, of forces, embivical formulae L; atti based. on the ex per vreends 

The collalising of boiler tubes, and in some degree the fler- 

long columns. ae 
CLASSIFICATION OF CRE Ss: Althouc!: inany case what- 
f the deformarion of a solid, By a balanecd system of forces acd 

. ing on it normal Gensile er compressive) and shearving stresses are 

Rhy | _ developed in every element which is affected atail (accordina to 
< lane section considered) eases where the liody is brismatte, the. 

rnal system consisting of two equal aid Jie forees one ad cach 
of the plece and Liveeted away from each other, are commonly called. 

ses of TENSION; if the pieee is a short brism with the sance two ter- 

al . directed toward each other the case is said tobe one of 
PRESSION; a case similar tothe ee but where the prism ts 

= long (“long colunnd) isa ease of FLEXURE or bending Os 

are also mast cases where the “applied fortes” are not directed alen 
= he axis of the piece. Riveted joints aud “hin- connections” present | 
cases of SHEARING; a twisted shaft one f TORSION. When the 
gravity forees due fo the weights of the elements are also consid- 
eye La combination of two oy nore of the foregoing general COS ES 

May occur. . 
Ga In each case, as treated, tre brineipal objects aisued ct are, sotode- 

5 uw the piece ov its | oading that the qreatest stress, in whatever efe- 

ment it may occuy, shall wot exceed a'safe value ; and sometimes 
Xmore sae toa great deformation inthe hart of the piece. 

The first 0 ject is to provide ee No STRENGTH -the seeand 
sufficteut STIFFNESS. —~ | 
(190. TEMPERATURE STRESSES, If apiece is uncler such 
constraint that it is not free to change its form with changes of 

tem| erature, external forees ave in weed, The stresses produced 
by which are called ¢ emerature etresses. 

ia ae Je 
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QOKE'S LAW BY iaemeidions As atypical et 

ension of along rod | { ductile metal suchaswr trom aed 

steeds, the + cia * bie isquoted fro from a at at (fs “Ae 
ae ke experimentis ald. made adgkinson for on 
ff Cemruissean. but-well adajted to the purpore. From 

Botecih ty. rod , uhich was cf veroag it i iron and 0.517 tn. in dis- 

, the hortion whese elongation was chsesvecl being 4g fe ptr. long, 
mall ¢ Ee canc bn length belowthe elastic {tmit was reaclily tens 
The suceessive loads were of guch avaluc thet the tensile stress 
+P. oy normal stress per 89. fie- inthe transverse section, was 

to increase bs | egual iuctemerts 5 of 2667.5 Lhs. per sg.in, 

ini tie! value. Atle, each ci bbl: feation of load the elongation 
Co 

. aeasured | Oud. after the removal of the load, the berraanent sel, 

Lae aL tenga ef arc oad of eng Ae 
| Lead | Elonqalien) Inerement} €, the relative 

Gace f elongation 

Eloagetion| (abstract nunhel 

.0485| 0485| 0.000082 
1095\ .061 | .000186 
e744 :.0584 006283 
224 \ 0565) 000374 
2805 | .0565} .000475 
ey 3} .0565) 000570 
393 | .056 
ee 099 | . 000766 
SSS 0635 
598 | 0625 
.760 | 62 

—4.Bt0 LOaO 
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mae ENS{LON. 1a 

mg % yw 4, tig. [G8 , the notation is evident. P isthe total 

in any ex periment, F the cress sechon ef the rod; hence the 

. { obyess cunthe transverse sechionis pe P+F. “hea 

rare increased by equal tucrements, Hie corresponding iner 

nts _ of te elongation A shoald alse be equal if Hooke’ law is 
€. It wil le noticed in thetable thal thie’ is very nearly trae 

| th | i.e.that AA, the e loctween toe 
. ae ies of is nearly at In anes words the 
pba holds cod: 

Pipsar, 
t By Pand Pare any two loads aeeTe haa and hand \, the corres-_ 
— Pemebing: el tions, 

fe nae BT ke orp set is re esata at the ieee and in- 

reases rapidly after the B™, as also the inerem elongaticn 
9 Howe af “Se ‘rd he whi i i idieee atensile a ie 

ie eros . of p- 8 X 2667 5=21340.0 tbs. ber 34. inch, the 

_ ; tieatic limit is reached. 
As tothe state o tes of t the individual elements, Uf ame 

: — concewe sucha sub-division of the rod that four edges of eaci 
element are parallel to the Oxts of the rod, we fad that itis 

in equilf bream between two normal Nae ow ths end faces 

‘< i 499) of avadue - paF -(P+ tFJdF where dF is the horizow 
al section of ve elexyent , ‘Tf dx wes the sais length, and 

vi the elongation produced by par, we shall have, since all 
He dxs Re Thé te rt are are fall elongated atthe same time, 

bid i : ape clasty f tai, ie r : 

of =o or e, ee a 3 FI = 

a } ax 
? a W enables us to solve jaro b bers involving the e longatisn 
nak -brisim under Tension packer as the elastic lanit is sul | sur- 
passed, 

The values of Ey computed from experiments Like MCE » 

a -~ a ~ _ 





Lae) 

hoald be the same rep load under Hee elastic i 
coke’ { LAW Were securately shoved, but vee lity they 

mew het, es rectal tt Hee Papeete! lacks fo wrogencily. 

se (see Table} we have from am the 

Epp+e 28,680 LOO ths. in. 

a | wn =28 009 000 « age 
6° e Een eh7 845 000 » » 

sin Eile computations were made beyend the elastte 
: yee ; beyond the &4 cite the resiall wow fads be! age 
er , Showing the muatert rary be yteld i =e er YRore ¥ 

¢ stres bes coe % STRAIN DIAGRAMS, If nite 
. (i) es ordinates ofa curve, and the corres pouding y 
© BP eocliens (2) as abscissas. Ww chtain a asetul grafehic Ye- 

oR seutotion OMe aes of exberiment, 
Thus, the table cf experiments just ccted being stilized 
in this WEY , we obtain GR paper & Sevtes o f a through whieh 

ae smooth curve may be dyawn viz; OBC 200, fer wrought 
jven. Any ecnvenient sc cales may be nae fo pad and 

_nahaghie a8 been made on cl vy metals inctension and 
seni: pt to the Same. scales logs Bid rh and Ba 

¢ ig. 200 Bons re) ales CUSVES , esate average 4 be- 
» rKior of stot | ond cast tron. At the ves be ctive elastic 

limits B, B, and B" | twill be noticed that the curve for 

— rxought fren a ae sudden turn from the vertical while use 
ya Le "others CUTE AWAY MOVE adually ; : that the carve for 

BS: eel (ces nearer the axts te others which indicales 
ie. higher \ value for a aud that the ordinates BAY BA, 
ead A" (res pectivel 21000 , 9000, ancl 30000 lbs. ‘po 
‘ on. ey the te Bae ee t * € lastic ghee ee 

father quantities will be émodult ¢ tenacity elas- 
- fc Ltt for the vespective mnaterials. - 
a 

a Within the elastic limit the curves are nearly straight 

r proms | Heckes Nine and if x atts and x” are the as tcece 

% Se 
* a 
me oe 

5 vi. 





a TENSION ee, ae 
straight borttens with the axis of i (i Ke0f é} we shall 

“1 for w.trow }s &, e-tronjfE, steel Jurtana? tana’ rton a” 
raphis relation hotween therrmeduli cf elartionly: 

—_— J 
ow 

teyond the elestic lomil, thr wrought fron ved shows large 
ments of clomgation for gmail increments of $ tress, 1.2, the 

e hecames nearly barsilet te the horizontal axis, wilil 
ture ctcitrs alastress ef 53 €b6 los. pers fr inch of arigie 
esticoal ares : faced! 
cig tly inthe immediate neigh borheed cf the section of 

a portion of the results The eurye for steel shows 
wek fugher breaking stress (160000 tbs. per sg, in.) than 

th ¥o Be hit iyon but the total elongatiox is smaller, 
10% . This ia an average curve; tool steels 

é ait ele ngation at rupture © ‘aheut i oY 3 p ’ warle 

+ steels ye semble WT he it tyon in their ductili se 
—oIRg an extreme gloagatisn f from 101920 7%, Tretr Breaking stresses range from 70000 to 156000 lbs. o 

¢ per 29. inch. Cast wor, being com paratively beit- 
te reaches at rupture OR ele he + ior of onl 3 or 1 tenths 
. Que er cent , the yu yhucriwg stress betng about [200 bs. 
winch. The clastic limit is rather ill defenedt in 

the case of this metal; and the | neh of car bon 
and the mede of maanu fachere have impel t wfli vice Ge 
3 us bekavicr under test. : 
pga. LATERAL CONTRACTION. Iu (3 he stretching 
bP Oy  ferés me of nearly all ktuds of material, aceompdr 
—wbg the elongation ‘lewath is found also ad (iinet tow 
of widte whose re lar ive ammount inthe case ofthe three 
3 qetals just treated isabout £ or + of the relative oft 
, lengation (withia elastic limit). Thus in tae titra ex- 
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ee ENSION. 15 
ment in the table of § igi, this relative lateral con- 

action ov decrease a iameter = L to of €, ie. about 
0.00008. In the cose of cast ivon and hard steels ths 
co rtracion isnal nvticeable excebt oh elicate ynens- 

 Urewands, both within oud withort the Leste liwit; Lit 
ss the more cluctile metals ge lron and the soft steds, 
when stretched beyoud the elastic limit show tus featue 
a - aa deformation ina very marked degree. Fig. 201 
be es — shews by dotted tines the original contour ofa wrought rm red 

e whele the continusus lines indinate thedleS rupture. At the 
ss gross section of rupture, whose position is determined by 
ss Stme becal weakness, Hie drawing cut is 2 cullarly pronounced, 

ae i oe. . The contraction cfarea thus produced is sometimes as 

Be a0 or 60% al the fracture, 
ee 194 °F W OF SOLIDS’. When the change in relotive 

ostticn of the elem eets “f a solid isextveme, as occurs tu 
The making cf lead pipe, drawing ef wire, the shetching 
ss efarod of ductile inetal asrx rd ahagey article, we 
have instances of what is called the Flew of = , baker 
esting experiments suwhicl have been made ah YES: 
1 195.M DULI OF TENACITY. The tensile stress foer 

: ih square ime (e oregunal sectional arva) required to rip- 

ture aprisve i”, iven rnatertal will be denoted hy T aud 
called the mod ws of ulfis ctenacit , simlarly the 
— tacdsins of safe tenactty, or greatest safe tensile stress 
gm an habe T’; while fhe tensile an at elastic 
é. i e lied may be called T™ The recio cf T' te T’ts not 

fixed ix practice hut depends a ciremmstances. 
Hence ¢ a prism of ai meternal sustains atetal 

bulferload P, and has aséctunal area =F, we 
P=FT for the uttzmate or breaking toad 

P=F ” # sa fe load (2) 

| P=FT » » lead at elastic limit. 
<M should always be less than T”. 



“" * . 7 it tI r Py *~ Scie Fey aa a aS centre 



ESITENCE, oF A STRE eden PRISM. 4 202 

ah the 3 sie ak) al the am sa iy depends 
ore A af si slage cj fhe ‘shorlzntng , accord - 

7 » the yelaton f . 
r ~ Sinamay ; r — Pu a a Sy Tt a 3) a cre. 

wither the aasite luni. CF we place a weight Soiaks 
. flan nges ah tie icra oo eyaatad then leave ib fou Ask ibn of 

i. an inereating ce P. nee a to a on ‘the 
mies) on the stretching te continue uatil P yeAches 
ne value (ai elastic liwat sa), and d ovelne M. Thee 

af 2 work dlewe so fax i is | 

W <= mean a ee me space =LP*X (4) 
a | from (2) P= 3 ee (see 58 184 and igi) | 

4) becomes Wwe Sih Fi= $T eV (5) 

here Vis the volume of aie TLS cae quant oe ee 
kK done in sttetchingtotie clastic limit a cubic uy of the 
Beteial , We orien calls Re Modules of Resilience 

Lewes . Frome (#3 it al bears thot the aa ourdy of work 

in sfrcta Lehine te the é clastic divert bri Sms of the Same Ta0- 

pt of ditferent dtMensions axe lprofortional te +theer 

ck comply 

The ar r LTE" is pa Yepresented by the area 
v oer Lang les suchas GAB, OA'B’ ee + far 

he curve { or wna tyon for instance) the modulus of tere 

. at elaste lixmit ts yepresented by B, und € "(i e- € fer 

“aay by ON. The vremaiudey of the avea OBC ix- 

bed between the curve and the hori zontd axis, We. from B 

srepwesents the work dowe te stv Aching ea inch from 

*. elastic lint te the pent ot vubrare; for eaeh vertical srip 
viug aw altitude =b and a with = dé ,hes an axe =belé 
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Ry si0g Are 

Bese. the work done by the stress P on one face of a cubic inch 

| re Herough the distance de g) BF incyeynent of elongation. 

ao aweight load <G betuddenly” applied to stretch the 
: Fe o brism yi-€. isle ced onthe pera asf touching then sand 

e then allowed to fall, when U comes te vest again tt has foller 
es. through a keakt ‘ and exberiencees ot this iwstant some bres- 

a. ee ithe Hauges. R=? The work GN hes been entre 
| ei Ly ex bended in shyetching the brum, none te changing the kine 

Ate en ergy of Gy which=O atbeth beginning cad end af the dis- 
t — tanee a 5 : 
“g * oe GA,=5 Px: ts ee ia 26 . 

i. . Simee P,= 2G, ie. is >G, the weight does wet remain inthis 

——— posttion but is putled upward by the dasticity of the prism. Ts 

fad, the motion is harmone (see $8 5g and 138) Theoretie- 
By ally the elaste limit not being passed , the osetllations 

: me. shonld continue indefinitel ‘ 

a Henee alead @ “suddenly applied” oceasions double the 
———s tenstow itwould Ueompelled to sink gradually by a subbort om 

der neath, which is rot veenoved unttt the tension is ast = @. 
Oscillation is thue breventted 7 

me lft the weight G sixks through aherght =k before striking Eth. rt ; oe » we shall have similarly within elastic lin- 
Sit, if A= axcatest elongation, 

G(hsh)J=t ee (6) 
-. if te clastic limitis th be Just reached we have from eqs. (5) 
Be and (6) : ~eglecting \, compared with h, 3 

_- Gh=$T"e",V | (7) 
ber a. equccl ion of condition that the brisim shall wct be injured. 

197. STRETCHING OF A PRISM BY ITS OWN WEIGHT 
ee he cove of ave long brisre such OSs minty ra mp ved, its 

weight must be She into account aswellas that of the ter- 
34 minal lead P, ; see fig.203. At (a,} the pyisim is showin ils 

a wast clined eondition , at (b,} strained by the load E and tts 
ew werght , fet the cross seetion be = F, the heawmess of the 
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ENSION. eee 
ane the ee extervtion of-amy ele met at & dit- 

; { om : en 

dA. inf) (1) 

eg Ss a ainee P+ Fyx is the ie hanging won the 
%, Bsn), le cality, Equal ds, there OTE OTE yarh- 

| \ elongated , X varying ve m Oto, The total elo ougal ion 

: - \ = in dh= * FE. [ [Ax +y Fxdx |= “BL 4. 

eo ser AS amount due to es lus an extens Sion wlike A hot (F ifs 

weigil weuld breduce | ucig i the lower avtremily, 

The foregoung relates tothe ae a of the hiece, and 

Reve fore a agen in enero Hee «fra tao: pate of the. f eran, 

velot We @ ougation & $x. nop a ies caddie 

ust nowher & pied & safe value e's oi Ey 19] and 194) 
of ae the greatest value of Hee vatio a&At cx ins pecting 

—_g¢.dt), is seento he af the ubber end where % Bs Thee pro- 
a Cx OSs section Baste giver load Ps | is thas found , 

ee ae = aa wit have F = ae (2). 

Paid ag SOLID DE UNIFORM STRENTH IN TENSION. 
or hanaing body of mintmun material 4 op) its by 

5 weigh bt and a terminal load 9. Let it be arsolid of re revo lu 

ae TY every eross-section F ata distance =x -from the 
lower extremity peass ite sate load F TS every ¢ element o 

@ the Hedy is doing ful duty, and cts forms | 4% the root ECM ws- 

mel of- materiel , 

— The lowest ge ction must how € LD OPECL | p= P+ Th since P 

es its safe leas . Fig, 26H. Consider any ee mede oy fari- 

fa its weight i La y Fax Ope heswiiess of tire moter cal » Sup 

posed homaeacns awd the lower hase F wust have P+& for 
| tts safe ‘Co i SC ee 

x" G+ = | “og 

* 

wee > - ; : 
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ee ENSIGN. 7g 

denotes the weight of the hortion of the solid below F, 

forthe upper base F+d F, we hove 3 i 
ig GtR+yFdx =(FtdF)T’ ee 
oetion we obtain : ; 

dx=TdF; be Ly dx = af 
ich the two variables x and F are se loarated , By inbes: 
nm Wwe Now have 

Beat a ip “¥ e x 
“—aes y eee F : ae Mie, was ‘ Gf de = [485 or Ls teg, £ (3) 

@ 

rr iL 

: 
9 

ae. ae oy | 
Pig Fy ee = £ eT! (4) 

nwhich F may be com buted for any value of x. 

he welght of Hie bovtion be low any F is formed from 

oud (A4)jie. | yx | 
i '. | @=P(e t-1); . (5) 
while the total extension h wi Ul be 

“le hae" i (6) tf 

oe. 

‘ “i 

gelative elongation nt tdx beingthe sarne for every de, 
| bearing the same vatioio €" (at elastic limit), as Toes 
-¥ 

int Shere 

om 2 iY eh 

ATGRE, Tf the tuo ends: of apriam ave im movalely fixed, when 

ai dey vO gbrahn anel at @ tem berature t 3 and if he tempera- 

« is them towered to a value t’, the sar “— : ten ve 
in elastic limit), Tf 
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. 899 ae TENSION. _ | Oke 
temperature. haw, 

From 0¢.( $191, therefore, we have fer tis tension due to fail 

of of temperature FO ‘ 

| =P EA) = EF C4), 
COMPRESSION OF SHORT BLOCKS. 

Re 200. SHORT AND LONG COLUMNS. Ino prism in tension, 

\ its own weight being neglected, all the elements between tre locali- 

i, ties of applicetion of the pair of external forces producing the shedeh- 
tag are tx ostate of stress, y the external forces act axially (excepting 
the few-elements iuthe immediate neighborhood of the forees; these 
; sudtering joeal shrewes dependent outhe snomner of afplication of 

aes the external forces); and the prism Way be o f ary length witteut 

; a vitiad ing this statement. But if the twe external forces ave dired- 

——s ed, towsarrd each other the intervening demerts will not all be ite 
same shate of com pressive stress unless the prism is comparative. 

ly short, (or unless numerous points of lateral support are provided) 

A lon priam wi it buckle out sideways, thus even inducing tensife 
Dad , inseme cases inthe elements onthe convex side. 

Hence the distinefion between short blocks and long columws. 
ss Under compression the former ielol by crushing gr splitting, while 
—— thetatter give way by flexure Ge. bending) Long columns then 
willbe treated separately ina subsequent chapter. In the presai 
ss seetion the blocks treated being about three or four times as long os 

S wide, all-the elements will he considered as being under equal coyn- 
ss pressive atvesses atthe same tine. 

ROI. NOTATION FOR COMPRESSION. By using artother 
a sub seri pt, we have for compression 

oa Modulus of Elasticity =£, ; 
so while we may write 

C for the Modulus of Crushing ; 

| for » ” of safe compressian , ancl 

C" for » of compresstongat elastic limit. 
For the absolute anc relative shortening in length we may slill 



‘al oF Saks mg) itast alt 4 sl oe vate 

hoa 5} 

27018 Toe ee TG wi 22388 
Ope r9F i 3 re. | fy whic MMUIOS 3 1 GVA. TAOKE A 

inde wit eat’ tection sie ant ba, ia a patiad. 4 ‘ 

Wes oes we? } hes ri Ag owt am ji 4a eget a of 

q t 
a * 

OE: ERK G00 ORS net IE Prd de >. +4 re ey hseas ‘ ctw rhe 2¥4 e vod - pp. v 

arg sip trai ase ee RY. 1 Awiod Cessaetst eco aba 3a) 

‘pra hes bale 83 eailt ny oy Shae fucablagd Ni iw went 

Tee “ pure) hunt y Boat d ide ryaert ie ei smite ay. 

ial wdado Pit apsedee tott dshosadee hotast? | 

ae 

| anda +4 viet an, jo i sheik 
¥ 

x = Be 
ee > a i 

val ze 

ee 
i re glia (ORION Sanvee Low cates eat} pe _avovte: Ye state ae : 

29910} ee a bond vad d pion 3 stridor zt sit ai obra 

‘Len ithdele ft vanseone sth vd THe eowp ea eden: Jana 

ete pare {oo yaar mie ind #7 han Casi: “Sass , 

hy 

i eGt hy thitnars ats jaf Bitsy espa. of vastly 

4 

ir «hv FPR wy wh & ator: $90 oe sit ok Peann queee es 

a 

bald ry gem ; yess: nasinrot 3 yd ~ spd ee nares 

me sted ad pure se U eds ij ttl vd y oat aMp 

Vy eh paring poring sy ipald. vith ps SATs TMG TN ra ‘us 

Bs it if 
i aa 

‘ we Shoe ee 5 et ¢ FZ tEK q ities pe Ee tw i artae tah w 

, Pi : 
ry eS aes % fe Bh 5 7 
ee | iis 5 ok: Mae Sa Bh Zt ah Eb Weeki 4a H é. & ay 

aoe. Ta TH tathh Fel wi ot a3 ae 

watt 

i, ti Bik mY ii 
: a ae #Tiaite BS ti Sihis aids 

rt s 

ve hire 4 Ls. GRE wy 

: , potas heat 5 +o valde SG 
, ah 

ee . SPs 2 Vee oe me Ya a Sereno *: wat ae 
ss fe eta Sank re) Si 

ae Met - 

ied 

er oe wi - 
aaa 

4 aT 

a= 
%; 



cae ee eee a fe a 
and é, res peetively, and within the elastic lmit Tay write 
aug sivtilarte those for tension, F belng the sectional area 

block amd P one of Hur tevsalnal forces Gee fig 205), whik 

oe elves hex sgsare inch of F gil. 
fee Pee UO Rr URE 
eet ee 2 Te sa ETS Nels of ) 

yn Hota t he eliae t ue ( eh i + 

— Alse fer ashort block 
aM ‘ Crushing force fo Fo 

—— Compressive featce at clastic liwth = FO" Q) 
Dafe COM byeasive force @ ee . 

4 ZO2. REMARKS ON CRUSHING. As in § 18K for atensile 

ap sindeosa ia produced cn planes stan angle & with the apts of 
the short block, ‘ being the compression ber unit ef arco of trae 

— veteg section. Accordingly if is fownd that short flocks of many 
comparative ly bvitle matertals y leld fy shearing ov planes ram 
ia king at angle of avout Lys? with Hie axis , the expression : at Balai Weak reach iw i waxy | fev Aa) thal is wedge ” 

—— -ghaped bieces axe forced oul ene sedes. Henee the necesstly 
af making the block threr ov four times as long as wide, since ott 
ernite the friction outhe ends would wuse ol a a 

re gveater resin tance pr hindering this lateral motion, Crushing 
fy aplitfrug indy pieces parallel folhe axis sometimes aceurs. ee ccks 5 f ductile materials however, yield by twelltr vit,or 
bulging } [sterally ; resembling plastic bodies BO mMEM hat in this yes 
ay | 

——— The elastic livnit is more difficult lo lceate thar tntension, 
4 bet seems tohave abowt the same posction UCompayisem as in 

a tension » vit the CMSE, of wrougict iron gand steel. | Foy each ‘: te 

 savae metale and v caslirow Wis alse tound thel E. a 

— gigte near! , 39 thact the a cng le sy ve ol ES WAN be used tor beth. 

EXAMPLES IN TENSION & COMPRESSION. 
£03. TABLES FOR TENSION AND COMPRESSION. | 

The veand wumbers of the following table are tobetakenas 

°-,@, 

ne 

f 4 

sete 
— 

COMPRESSION, SHORT BLOCKS. 2h 

el 

tress , 98 fer a com pressive gheess we may prove Yuet 4 alee ig stress 



oy my » . 7 ; a, A 

Ds asco al gp mete (ent SW a an 0 Retype 8 be 

(ey i : 4 ae i . 
eS ca or is 

sia With all's le 
bgt Rest g i ia me a 

i . 



ae ~ 
a > 

WD? 
iad 

oe {Ti 
ae f 
om 

ag 

pmo 
e 

oC 
a 

ae 
a re ; “ 
ie S. 

~— 
: é pe " 

As 
lz e 

i <S 
: 

: Ett 
S 

pial le 
| : 

S E = ~ 
: ; 

om 

i my ta ; 

a 

} Deere | oo Oo ot YS 

2 ae ‘_ af. 
> Cc 

= 

& a Lp) © 
< d an 

Forman cee. 

“3 BY * 2 < 

mm & + > >, os > 

& & & 
S ©} oy AD Os? & 

event snes 

averages ewig, tor use tr the namerical exarrbles follewing, 

(The scope and design of the bresent work admit of reth- 
cing more. For abundant detail of the results of the sore im- 

— bottout experiments of late years the student is veferred to 
the yecewt works of Profs. Thurston, Burr, Lanza, and Wood) 
—— Anether column nae have been added giving the Modulus 

oe Cy ’ ’ se I & ‘ tt] 
of Resclicnce in Each Case, vez, f we ya (whieh als¢ =~ \ 

e 
a S€e § 195 . € ts an abstract number P and=p tlw * 
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“4 32 { Reasived = de E al ie Using the 
cA sal as units (2s in a tte fee - cis alles) Wwe have 

; =- {HOO .. > {AL OO et jrev Sq.un., ’ while 
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EXAMPLES IN TENS.& COMPRESS. 24. 
(0.532 -0.5) X12 + (0,50 X12) = 0.064 

Example 2. Tensile teat of abhor of “Hay Steel” for the 

ow Bridge, Missouri. The bortion measured was org 

P was 124200 lbs., and te elongetion wes 0.064: i. 
1 Eg, Ty and €° (fox clastic limit.) 28h. | 00165 ai elastic livst. 

E,= = eS 45 292 570 G00 

| ae, Lach . Neavlythe same result py E, would bro pa bly 

jem ob tatmed eee of bh ond £ below the elastic limit. 
he Modulus of Resilience o te above atebl (see § igo) would 

a T= 44.32 lueh- pounds of work bey wsbue leek of metal; 90 
‘ 

Ax egual areouw oe a 

Exon se 2: A hard steel rod ef 4 Fy a section ariel oft ley 

under no ahyess at o fom perature of 130° Cont., and ts by ovi ded 

4 tao walls nearer toaether Tt the veaistanee to thts wotton 
ae. 

£4 M 

a oe a 

Fi nw lbs. and Flu ag. inches , since Ey = 000 G00 1b. ps 
a ach ’ | j re ee, e° ; . an eran 
— {6X 2600 = 40 000 O00 x i X(130-4 }Xa.000012 

—whemes 4 = 46,6" Centiarvade. k | 
ae ; : if ; : j , ith 
ss Examble 4. Tt the ends of arn lyou beam bearing 5 tous at 
its middle yest upon stone biers, requved the necessary bearing 
ae poubbs ta) ; } S08 ie 
Bey race , butting oie for stone, = 200 lbs. per sq. tue hk. 

ee EF xamble 5. H oxy long ‘wast we ought iron vor be ) sup heorts 
oR oty : i ; | Sp ‘ “ee ee 

GA Vy eN tic ally at its upper end to break with ils own WeIgkt 

, 
<4 

- 

ft long and vm inX 
ELOim. tn geclion . Atthe elas — ; 

flanges sothat the slightest contraction of length willtendte | 

tons how Low mast tie + eet fall to cause ONY, sstions oes 

bering = 0000120, (Cewt. dcale) From § Iq, we have, express- 
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=XAMPLES IN TENS. KCOMPRESS. 25 
26. One vousseiy cf anareh-rlug bre casesitsy earat 
eof v0 toma, the joie Rowing asuytace of 6 4 feel; 

the com ression ci 84 yeh. 

Sera OF 3, FETY. When,as in the ease of shane, 
Soe OTe a . ea at the doctia | limit es ot ye untortaln de- 

tue die. Kpering ent, itis customary te refed 4 i vate ef the 

ress thet of 4 Thal. ultivdie b; mating t it the wi h gortian 

on n is Aor a fack on ar ok aed arenes ag 

e 
* sweeten 

PRACTICAL NOTES. If was discovered indepmlla 
Commander Beardslee and Prof, Thurston tx (873 thal 

ought ton rode were stralned ¢ eae ap Tk beyond the ch ti im 
A 4 + - yeoman hee | fron shai toy least hea sys hereak 

t test would, shows Ligher -\Lwits bath. caste and ultimdle, | 

yticke of cast Ww oF ore ‘vn bedded | a oxide of i Wor and Sub: 

A heat {ov seme days, themeta. loses most of its carbon, 
eax ly COWKE ted. into wr ought Wax, Pa ieee oweyer, the 

unas Being mellenble, i its called mallvalis cath 

ne re 

age and ¢ lero miu) and ° luisqster ne joagse ashe: 

"i Fitts them ter cutting ae (s, Yook drills . , picks, de. 

‘talia . we of in mctals we lerclacd the for , recently cis eo 

f a bby Wihley bw eepeconeae mode + tor the Pewasian Bovernaletl: 

R Sin rubbwre uk be, produced | ny COS ving the stress ox the clewreus 

0 1aTY ‘vepsailed ly between two 4 Cingeith: ie Walwes the higher of wsilich 

os be considerably y below { i oO), the ‘muon bey of ve peti Hons ne. 
Bary te : odute vu pture mee be pendent both onthe hens ef yari- 

lox on d the | higher Valse . 
: Foy example, in the case of Phoenix ivou in tension, subhwe 

34 pre duced by Cow Ug tie atxess to vary from 0 ‘to $2200 ls. 
fe ny 99. inch, 800 times; alec, frov ( te 4ty 000 ibe. bessq. bavcl 
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"5206 EXAMPLES IW TENS. & COMPRESS. 26 
B40853 ties; while 4 600000 yaristion: baween 2 640L 

to 48400 per sq.inch did wet cause vabioe. Many Cure 
_— pevermeuts aE amd the following tonclusions reyes q: 

C + 

Unliniked vx ebelitions of vartatiow: af shess (Lbs. ber sq nl be 
tween the init de below ah injure the qaetsl Poh 

ef 

Ree. : j From re reg te 17606 5, pein 

| Wrowght sce tae 0 te 33605 

me From 3.0 820 Conf. te Be ote idaates 

MU Gath i > gf ts 52800 39 
s . | 3 x 38500 Tens. te &. ; LL 5 n 

= _ SHEARING 
ia 2 07. RIVETS. The angiler distertica cz osttg obeain, 
ay in the clerents ofa bedy ts specually to be j wisi ted or in the ease 

ot of tues jotwhag tue OY ywire. blotes . This, re eee 4% showy 

im vs 

4 ind fh 205 axd 206 ix the coments mec'r the 2 bts ee hae 

F plates , ek oes Tx fic, 7 i. ab ion) 

: the aut Si her to be ix single fe j dh 206 st fooble shear, 
4 Lf Pia Just qreat reed to shear off the tive! 1 medufes af 

4 ae + We Re = be a an Se tt ip bs | 

4 | aS ae “Tae () 
ee a ee Mechs Ae © 

ee wie, ites ape + iy, 4 a S hoe aid lee 
vy 

metal , it ale £5 be side Ti € ee: — 

As ha width ot Hoe bis! 4 ig aaatelse PAL eth. at he vives kote Preiss fob y 

pests sectional ores of the biate « ghais + amvite to suataca 

the tension P or 2P »bevordins Gs TAP Dy Phieke ro eousid’§) P being 
the safe Pieris Tee forthewe. isc cit thick wess. 7 of the 
plate should be such thet the side of the whois sho! § 
against erushing } Po must be > Cid 

Again , the distance a » tig. 205, slrould ba sact « ; <p brewent 
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wA07 $SNEARING: REA ie 
. , eaving er rns oui a} the. part of the blale belween 

the rivet and edge of the Plale .— | 
For econemy of malerial the seam or joint shoula be no more 

7 just mentoned. The relations whieh mrust Then subsist will he 
Mlustvalad ia the case of the bultajoint "with Fwo cover-plales. fig ip 207. heb the dimensions be denoted as in the frgure and the ot 

mS al tensile force, on the jornt be =Q Each rivet (see alse Pg 
— 206) is Exposed in exch of Twa of ik sechons fo a shear of 7 Q, hence a safely against rs of vivels we bu 
A Meee re ey) ae : 

‘ tye . t . Aleng cné vow of rivels in the main plate the sechena) AEA tay ye - Sisling Tension i$ reduced to ( b— 2d a hence for safely ecanst rupture of thal plate” ny the Tenslon Qywe pub Lie . | . ae oe me = CR-2d)t TT” 62) 
Equations (and (2) suffice fe delermine ef 
amd mM) yor the maim blales ; Q ang b bemg qiwen 5 but the Values thus chlained should also be ev am iit eal wiik reference lo Me eombression tn the side of the vivel hole i td must be <Q: | The dislance & Fig as” 
te the edge of hhe Plate 14 reeom mended ley different La ~ 
— thevihes to be from ad ts 2 ad | ' Go he Similarly fer the cover- blale Wwe mus have a er (b—2a tT | ; 5y, adhe | tend Otd < $Q aia 

tf The vivels do not 1 thew heles slosely a large is mergin should be oi sed in practice, Aaaln 5 in heil~ er werk. the pilch or distance belween centere of live — Sonseculive rwels Tray need to be Smalley _ ts make lhe jot S eamtight 3 than weuld be required for slreng a 

for the riwels ane 

than Clement eue to sheaying iS an angwar def ormalion pod 
wil be measured im T-— mea SHE, . This ONG ulay change,er differ 

Bm 206. SHEARING DISTORTION, The change of form 
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he 5208 SHEARING. | 28. 
3 ence between the value of the corner ungle daxing strain and $1, 

iis value be fore strain, will be wld £ au is proportional illine- 

lastic linut}to the sheariay stress k ¥ amit st ares... Pe existing an, 

oil the tour tases whose enates eck Shey have heex changat; 
Fig. 208. (See $13) By $184 the MODULUS OF SHEAR 

ING BLASTICIT Y is the qpctionk obtained by dividing rue 
by G:ix. | k | Es 

or inversely , & — t, - 

The value of E. es different substanees is most casi ly de- 

termined by acs panes tw which shearmng isthe 
most pre minent stress. (Tiss brominence depends on the pox- 

tion of the bounding planes o the element consid ered ; ¢.9,, 
in fi q. 208, if another elemait were wuntidercd within the gee 
there shown ond withits planes at O° woth these of the first, 

/ we should find teusion alexe 61 ane pair of si pose faces, cone 
| pression alone onthe ather paix) Ft will be noticed that shear 

ing stress camuct axistontwe appostte faces only, but adse on 
“ue other two, Leaps acouble of equal and opposite moment tothe 
first , Hes being neceseary forthe equilibrium of the clement, cron 
wien tensile or Compr@asive stresses axe also present on the 

> Se ee 

s2tac : 
2097. SHEARING STRESS 1S ALWAYS OF THE SAME © 

INTENSITY ON THE FOUR FACES OFAN ELEMENT. 
(By twtensity 1s measct berunct pfarea ; ond tHe pour faces . 

referved te are these perpendicular tothe paper in fig.2 G8 the 
shearing stress being pasatlel to the pabes.) 

Let dx and dz. be the wiflth and heigit of the element 
in tis. 208, while dy is its thickness ag pialere to the 
oper. Let the intensity ofthe srear on the right hand fee 
oy. thet an the top fore = fs Then foy the clement as 

& fre body , tailcing inencnts 4 pict the axis O ber pen dicular 

to paper ,we have : 
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hue -teeaae 

gd dy Xdx —b, dx dy Kd =O .. 5 = 
fe teven ij there were also tasious (or compresstons) on, one or bith 
+ cies ot foces: tel ¢ moments abort @ would balance (or foi! te dose by a cif ferential ofa higher mder) independently of tis 

Shears, and the above result woold still beld- | 

oe 2) 210. TABLE OF MODULI FORSH EAR ING. 

Material | | SR ve ope, S ) 
Jie J Oe: : (ruptwre) | 

lis. $q.1n. 

Bee ioc Siel | 900 800 | 70.000 | 
| Hard Steel |0.0032 | 14000 006, 45.000] 4o dgd| 
| Cast Tron | 0.8021 | 7000 000} 15000} 30 000} 
| Wret Tron | 0.0022 | ¢ 000 COO 20 000) 50 006. 
a | Brass : 5 000 God 

«| Weed aerass { 1500 
| | to 8OOC 

& ogerag | | 506 
4 | { to {200 

As im the tables for tension and compyessi on the above 
2 values cre AVETAGDES. The trace values may da fter ‘from these 

a as muchas 36 ber cent, in particuler CAZES aceording ts the 

so guality of the sbecrmen. 
ALL. PUNCHING vivet holes in blaies of metal sogmeres the 
a over com ing of tee. shearing resistunce | he convex surface 
Def the ey luder punched out . Hence ‘I = diameter of 

hole, and 4 = the thick ness of the piate, the necessary 
force for the punching, the surface sheared being F= tre, 
yee tS 

a Pe Sind 
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“212, E AND E, THEORETICAL RELATION. “hs cane 
a vod. is in tension within the cleghe limit the relative (lines) 

re | ve : (let His —— =) is. 82 connected with E. 

/ | and Sleds if tue of the teree ave dovewen the third canbe 
» This rehation is. youed «3 follows, 

by ap Base. Fake an etemextal cabe with four of e 
AS” with ii omits of the bieee, ae an axial — 

i -diagevel AD becomes of ulen D+e.AD 
uw stress, while thehansverse h Hf diagonal contracts 

BAD: —mAD, The @ cA wih Pi distortion 

pee coves aig se Bete a Prem 

have ae: 14 
is ay oe in aE, approx. 

[But, fq: 210 tan (45° je i 2X near! Wy whenx LS smalls 

. for, CA = uni =AE, ton AD= HAP a AE. es New 
aprosimately EF =—& eames yee, E6G=BD2 =x42 

-. AF=|-2x nearly] Hence 
{-~é = = er eed) ae yn +E De 

aa ee ix nd bresent Case [Pe rod tH te fy fon af 

is an isotope, ond = tepsion per anit ofarce, with 
tonnes section oe § 481 pout: k= 4d"), we re¥S 

DB F=f te ond FL=( peer = dd. Pa 
| ting a (m+€) =9 , whence m=, e9,(2) may finally 
: £ writen 

ae el en 
‘ a3 2 =(rri}E; > = ear (3) 

E Prof. Bosschinger, ex sesmosiica with eastiren rods, 
found that in tension the ratio m:Eé was = as 

an overage, which tu eg. {3) gives 

b= es = = E, nearly. (ay 
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ae SHEARING 3! 
rn nee neon 

ie > experiments onthe forsion of cast jron rods gave 
=~ 6 O00 Oca To 7 oce Ca0 Ths. pcr Sq. anch , By 

my ,then, £, shouldbe 15000000 fo 17§D0000 which 
8 “abproximatly true ( & ¥0 a) 

BY Corresponding resulls may be ontained tor short blacks 
4 mm compression the laleral ee being a. ddatalion me 

a glead of a confrachwe. : 

«B13. EXAMPLES IN DHEARING. 
— Examble |. Required the brober ler = ak Fig Be EN le 

4 Seomble the sheaying re ane ee grain | = the por- 

fen, ab of Qa wooden he-rad. , the force V being = A, tan, 
te and “the “width of the Tie = 4° rec lagye - Using @ value of 

Be = foo Ths. ‘per sg. mch, we put ba S' = 4000 cos 45°: 

ire. — & = (4005 X onan AX100)= 7.07 inghes 
a Example 2. A $ in. tivel 0 wrought ign tn single 

shear (see fig — cp at ultimate stn ung strength 
_ ~P=FS=fard'S=74a(Z) X 50000 = 30050 Lbs. 

i for s yh B- = 8000 instead o <8 5 P=4800 ibs. 
mi 7$ ea — tm Siw 

occas ay Ba atd to b abou toot anal the side 
- erhina im eas reed have athickne st, compul- 
ed thus + 
q P=tdl or 4800 =4-% 12000 1.4 = 0.46 in. 
& bie the plat oo only 0.23 ix. dk the sefevalueofP 
- would be onl - ° a tga Neca 
Example 3. nverse ly, gtven alap-joimt in which rhe 
bales ore b imcthick ees Fie ae oe on the joint 
. eta bbs. ber linear imek of sear, how ol osely niust 
: — inch rivets be spaced ¢ (4 O72 TOW, butting $'= 8000 
4 i 4 C= 12000 ibs. ber sain. Letthe distonce between 
' — o rivets be=x = (ix inches), then the force fro w 

each rivet = OLY sq, inches. Having reqord to the shear 
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Ve 

ing strength of the revet we put 600x = 044 X 8400 
and obtain x = 4.20 im.; but considermg that Hesale 
f crushing yeststanee of the ade ta = + =: 12000 = 

«2250 tbs.,.600x =2286 gives x = 3.75 inches, which 

| —p Exam ble a: pet pecan tig 207} 3 

» side of } | 
: ery t=? Here each eet hs wn double shear and has 

therefore adouble strength asvegards sheas. In double 

shear the gate strength of excl revel = 2FS'= 3260 ths. 

Now 30000 +3260=6.2, say 9.0. With the nine rivets 
tn one row the reduced section of the inside plate = 

4 (4 “— OX £ om Lae ims.) X= = 2.42 sq.in, whese sate 

_ tensile strength = 2.72 X {2000 = 32640 lbs. whichis 
Y 30006 lbs. As for side crushing of 30000-3333, 

(His whick is Less than (2 -3-X12000 =) 3375 lbs. 
—«Hence nine rivets ln one row are sufficient. 

ij ? Cha aL Ter sion. oink 

«214, ANGLE OF TORSION AND OF HELIX. When 
ay lin drice l beam orakatt is subj ected toatw isthug 
_ oy tevSional action, ie. when itis ee means of holding 
ob equilibrium tuo couples in perallel blanes and of ual 
“Gho obbosite moments , the lowgitudinal axis of symmetry 
Be vain: straight Sak Hie elements along it exbertence ne 
ahbress ( whe seg ib may be catled the “line of “eo twist”) while 

fhe Uues originally parallel to it assume the ferm af heli 
; ces cack elevwertt o which is distorted in tte angles (origin 

By 
‘ih 
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8 2)4 
~—a 

a TORSION 

; ally ay aan the amount of distortion berng assumect 

i bropor tonal to tae yacklus of the helix. The atu 

the faces of any element were originally as follows : two 
af vadial s two in consecutive transverse sections, and the offer 

two tangent to two.consecutive circular cylinders whose 

COMMON Ox|s 15 that of He shaft. ae in Fig. 212 we have 
an unstrained shaft, wlule in Fig. 21 tt helds the two eou- 

ples (of equal moment Pa =Qb) in equilibrium. These cou 
bles act in barallel planes erpendiculey tothe axis of the 
prism and a distance ae on art . Any suv face ele wi ently whieh 

in tie. rely rightangled is now distorted. Two of ib aw in tia.Awas entirely righ -angled is now distorted. Two of ifs au 
| gles ve been inereased , Luo diminished by an amount 6, the 

3 angle between the helix and atine parallel to the axis. Su japos- 

ing m tebe the most distaxt of any element tyom the exis, 

this distance being e, any other efemeiel ata distance 2 from 

Ahe aris experiences an angular distortion == 0. 

Tf now we craw OB’ paralle ( te OA, the angle BOB, -a, 
is “ae the sera OF phate while d may be called 

} helix angle ; Le formey ies. zt a transverse. plane . the 
2 latter in a Plaae rashes tothe cylinder . ew us 

’ tan 3 = (are BB’) +s but are Bi=éa: he wee putting 
q é for ton dO, 

, 

: 

En 
=i eae act salen 6. 

Beets, SHEARING STRESS ON THE ELEMENTS. 

The angular distortion, or shearing strain, 0, of any ele 

ment (bounded as already desertbed ) is dueto the shear 

tug stresses exerted on rt by its neighbors on the a6 faces 
 pexpendi culax to the Tangent lane oF the ey lin Ftcal 

7 shell in which the element is sttuated. Consider these 
_weighboring ements of an outside element removed, and 
the stresses but in; the latter are aceountable for the dis- 
fortion of the element and so hold it in eq ulibrimm. Fig. 

arr shows this element free”. Within the elastic limit te 
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$215 __ SHEARING 34 

8 is known to be brojs ortional to bh, the shearing stress fer unil of 
area on the feces whose relative angular positions have been chanced. | 

That is, from 4 G) $208 , § = P, _ cE; whence, see (I) of $214, 

ys =O Es (2) 

‘In (2), 4 , and € both refer to ah etement , & being the 
vadius ofthe tect und jo, the greatest intensity of shearing 

L stress existing itt the shaft. ets lying nearer the axis suffer shear- 
tng stresses otiess ig seabortion tothetr yadial distances, 
te, to their helivmangles. That is, the shearing stress on that ee | 
on element which ofime 6. Part of atrans verse section and whose dis- 

tance from theeris is2, is p, = p,, per unit of oxea and 

the total shear on the face is bd F, dF being the area. of the face. 

216. TORSIONAL STRENGTH. We are now ready to ex- 

ose the full transverse section ‘a + undes torsion, to deduce 
ae f practical utility. Me ing aright section of the shaft of 

t¥4. 213 amy where between the two coubks and consid fee left 
portion os 46 bedy , “the {ores olding itin equa lt ‘vam ore 

the two forces P of the le am couple amid on infinite wamnber of shear 
img epee (pe () its crele of radius z, mite cross section 
ex posed. ~ the sero | of the Tight-hand ortion, The cross seetionis 

ee te reat plane dureng torsion, and is com osed innfi- 

nite [aa of Fs , cach being an exposed face of an demerits see 
tq. 215. 

Pes. elementary shearing force -~ = Ps AF aud z is tts lever orm 

about te axis 00". For equilibrinm ,& (trom) about the axis 00" 
must = O 3 ie. in detail 

—-Pja -PFa +{(Sp.dF)z =O 

a Pa; or, be tp = Fo (3) 
Eq. (3) relates to torsional stent since it conlains p, the aveat- 
est shearing stress induced by the tersienal couple : mi ee 
Pa is walled the MOMENT OF TORSION, the stresses 174 the CYoss 

or, reducing, 
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section forming a couple of equal and obpesite moment. 
a dy is vecognized as tie POLAR MOMENT OF INERTIA of 
the cross sect on, discussed in § Hit 5 € us Hie radial distange of 

= the outer ost element 5 and = fhe vadus for Q ertular shaft 

merge TORSIONAL STIFFNESS. in problems tn - 
volving The angle of Torsso, or deformation o the shatt , we 

need an equation ecnnecting Pa and ov, whieh is chtsined by 
sub stituting in €9, Ct) the value of Ps un eg. (2), whenee 

ae, E xe, _ p, Sag 
ra 

From this ttabbeass thet the angle of torsion of is deobortional 
+o the moment of forbion,Pa , within the elastic limit: & mush 
be exbe wm T-nussure .” Trautwine eites 1° (ic. 

5 X= 0.0174) asa maximum allowable value Ss shafts. 

218. TORSIONAL RESILIENCE (s Hie work done in Twist , 

ing ashatt trom owns tromed state uactil the elastic limi ts reac 
ed in the outer ost elements . te f AI3 we iyndgi ne the right 

hand extremity to be tired : white the other end is gvadually 

twisted through an angle x, each force P of Te couble must be 
quade +o increase gradual from G 2eTO valRe upto the value B 

. corres boudi te g- in ids miotion each the axma des- 

a erubes a s =+ aod, 3 oad the mean value of the {oiee aot, | 

(see $17). Henee fhe Work done in twisting is 

U=sR XSan,X2 =¢R Act, (5) 

By the aid of preceding equations {8) con be wriffen. 

: ~O Esl, il _ wipe 
Opeth 25,8. 26, 6 (6) 

Tf for P we write S' (Modules of safe shearing) we have for 7 
the rest pind of the ar “) gy ' 7) | 

2 Fs e* 
i f the torsional vag | ain tsNeined shaft is to be the means 
of arresting bed motion of & noving mass whose weiaht is C , we 

y? 

write U* = ay ae the condition that the shaft shall 
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aan i he * injured. Here v és ve baitial velocity of the Testing 

a aig POLAR MOMENT OF INERTIA. For rt of oty- 
: >. ou Lar Cress ie {see $94) ty = =r 5 fore [lowe ey 

linder I =< far (8 —¥2); while is ce dad T,=3%; 

. ‘hte he le ide Ai fre aera oe a a vertonalar eress-Sethion 

eed. ae SHAFTS . Tf the — 
not etrculer it becomes war bed inwtovsiom, instead 
be Hence the fo 2 - i's ye Ages nat siictly a aph! i: The 

we yo eer pe hee hence ver of these 
Thorton aud Tait | thabers| Philosob ny; iso 

Pot :. te and Strength et the Materials of Eugenser 

His resuth give ro. square shaft (instead ef the 
ae, = Pe of ‘ -{é) of ‘sgt 

Mi AS es = = Fa 

; and Pa =5h eee of eg, (3) of € 2/6, fi. being ‘coal 

eat ug stress. 
% The ule prrctts of greatest s gsr shan oe found at the 
4 middles of the sides, inetaad se the corners, Whea the boris 

—— isof square Ore : . The war Ping of the ermes- 
section is mF @ case is wil verified by the studewt in tuisting 

—— g bar o ia~vubber ti 
Aal. RANSMISSION OF POWER. 

the coq-wheel A to cause Bon the es to revolve 
aK rly and overcome arecistnnce Q the pressure ot the 
i teeth @ fF another ong athee! A bei ae by till ans ther wheel . 
a The slaft AB (3 der toaion, cage secre of torsion being 

+Pa=Q@ ay reach yi tae o Miork- 
f exit abot the Me of the shot shat Titive sha ie pe 
> lwtions ber wimute the werk fe nied Glawedied not 
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a eth HEARING, TORSION aN 

= S24 ih twisttag the shaft rea o € of torsion Tremaine 

j 3 corres bonding te Pa pt te POWER is 
a LP. 2a. = Path | (8) 

Wow im the Shength of Materiale the pound andinch are the 
unis of the ais S,C, dey hence Fe reduce L to Horse 

Power , = =(H. P), we divide by 3: 33 000 X12, i “3 the ruin ber: 
oof _ per minute raga one H.P, 

ues 
* HP transmitted — z . Tue lpm 

a the safery of { the shatt Pa must = <a eds ef 3), 
ond with ame =Late” and e =r we hare finally ving fort 

OG-P. ge pe ee ee (9) 
inwte 

» be pe 7e0o ths, stk tor ahtirov. : 

io ne or sted ,and 5000 : aaron frome will thers: 
we * in INCHES . Tf th ue of P a fluctuates 10d 

ically, as whee ashattie driven by 6 connect iq rod awd craxh, 
the dius 0 of the $ {t must be mode reater than the aboxe 

value eo the ratio Aa oe Pa: heing the ratio ) of the max 
& ee te the neean nal rrumneatt;- m= abot 1 under or- 
5 dina + (Catterslt) 

20). At AUTOGRAPHIC FESTING MACHINE. The princs- 

p Prof. Thurabor's vavertion bear thisnome (s shawn 

2 te ‘fs 2{7. The test biece is of a6 holed ae awd size, 

its ceartral cylinder being i ceed torsion. rf jaw, cor 
mee th the handle and adrum on sag ng 3 wre ped, fakes 
a ie hold of one end of tre “heed i ose further ond Lies 
Ee in a | és rig id f “ease hea ty 
a a arc | ocontiuons Elen motion the handle ‘th “thd bes 

a sara daly dh deviated more and more from the verical, 
hrowgin “tle imtervection of the test-biece, The oxis of the test- 

€ lies | i” the OXLs O moti . T has moth oh O the perdulum 

mens of acucved quide causes an aval (parallel te axis of | 

SE AE Ce See ae ee ee, ee ee ee ) ” ‘ « - « . é = hae : 

: ' 3 77 

t 

4 a 
a 
ms * 
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216 1022 = Toface p98 = & F ARN NW <5 
: sw a Steel. 

x oot gteel. 
4 x He sseme™ fina value of 2% 

‘ ; Tarsional ane 

9 E Wrought avon. Lgle may be 200° 2 | 

3 FF : 
oF yror* ep t : 

conan | 
’ Ne ‘ 

ra 

é f ic Dita y 30° 60 

oO , axis © orsjona rirgle 

the skrun at E ywe find that ee = angular recovery 

q. 21% ite 4 
ot 

Ps dx 

a= “get, 

P. 

Fig, 219. § 223. Fi, 80, = $223 
~ = oe ee eet OP ee | ee ene et pees eee ee oe ‘ 

sewn ~~ » 

i Force blane 
ys an titan See eee i ee 9} 

=—_— me ~~ te ee 2 Bi aia | 
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ces A224 TORSION - ee 
esi-prece) motion of the pene: L,as well as cn engularde- 

wiahion equal To thel ef the bendulum, and [hid axial dis - 

 Tanee of the yenert from ds yolial position measures the 

moment of larsion , Gs the rece lhwsls the drum and fa- 
pey move under the bened. through a angle equal Ty the ew 

qe ef lerstonm so far allained. The abscissa’and orclin als of 
the curve Thai marked-on the paper measure when the pa- 

per & unreber, the values of % and Ve throuch all the 

slages of the lorsvon. fig. ZIB shows typical curves 
Thus eblamed., Man y valuable anducahiens are giver by 

These slyracnt diagrams as to homogeneous MESS “com 

posilion  decels ily , the. ele. On relaxing the shear a any 

Slage within the dashe limit the pened velyaces 15 palhs 
“pub if beyond thal limit anew path 6 taken cadlect An 

* elashei iy~line ™ te general povalle) To the first bart of 

the lure 5 and show wy The amount of anal cr yecevery 

and The bermanent anquar sat, | | 

B23. EXA MPL YE } TORSION. gts rmiodiulus of 

soe sheanng dh SY as qven in § 221. is ex- 
pressed Aer bey square in ehs hence ‘these fwo «- 

ails shewe ad op ed thyougheul ihe any name regal esc- 

Vhe same stalement applies ly the modulus of shearteg 

 dashicly, EE, , in the Ioble § 210. : 
Be EXAMhE 1. F5.216. With Pa | ton, a= Sf 
i= 10 ft, and the radius of the hedvical shalt y = 

2. 3S mehes ; gurrect the DAAF, | haavicg slress per 

Bien >), the shaft being of wro°t tron. 
From eg. (3) § 216 ty 

i = Pac = 2000 X 36 X 2.5 = 29350. Iks per 

I at ; 

f 8 inch which 16 a safe value ter any ferrous met - 
a : 

Wi : 

3 7 

= 
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es 225. TORSION a7 
fe EXAMPLE 2. What H.P is the shaft in Ex. \ frans- 
e: ate if i makes SO Nea bay aos per minule® Let 
— %= pamb., of revelulions per asiyt of Tune and a. the 

“3 num ber of unit's of work, wart af tune conshiluling one 

—— rovse~power. Then H.P=Pu2aa +N, which for the 
. foot - -pound-aviouate system of units baie 

H. P=2000XS0X20 X 3+ 33006 = 57+ H. P. 
Example 3. Whe ditt wade should be gros te shaft 

im Ex. 7. f two vadii at at ids extreniities, originally allel 
axe Te make an ange of 2° when the given moment Ps orsign ts 

AGE the strains in the al remnant con, stant. Fron 
ot) §!217 , and edit S210, with = T= 0.08 

a" aud l= sae oy . we yor 

2000 X36X120___ ‘ye inches, = IPAS... =2.04 inches. "Far owas x 7000000"? if 
fw, would bring about iffoent 4, but still safe.) 

; iS an example x ifr 
: "Bambi ot shat hed of steel Ss lid) ts to tronsprit 
_ 000 H mma ke 6b ben “llc te, the imax tHinum a teisting papinext being 15 times the average; required its 

. 5, In examble f. aN, 30 (bs. pe r Square inch: 
what tensife shress does he Bh 4 : & plone at ee with 
the haty of lanes on which 4 , det ig a shows 4 small 

cube , o qe e=dx, (dokentre the ae lex ta is 215, } 
7! yee 4 VR A climes the plane o hp t the pa per being tangent 

tothe evlinder; while 220 shows the portion BDC, also free, 
with the sank oa tensile stress « pdxr ye acting on 
the newly erpited rectangle of area =dx Xdx V2» fp rhe 
The unknown stress ber unite ore. From symme 
a stress OTL th¢e diagonal plone has “0 shearin naire 

: : Pidting oe [components Seiad tes BD} = 0 yre have 
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7a = 2dxtp Scyee =dx* p f2 a 

= The is, oo novmal-tensi! siia abyese exists int 
Peal plone of the cubical clement equal ix Gntrage dingen 
: shearing stress onpue : of thefaces ott.» = 2930 lbs. her 

in. in this case 
Ee ereiter b ext the plane AC We li be wad a cor bresonve 

stress of 2 $0 lbs. per sq. .{h. a esutface hed Leen 
exposed Me K 169, wi, pc eee Spare iagt ate of 

the cube in fig, 2 9, we should i gieneie "ET- 
mal Mee, etch tees thou Ps ber: grr Hence ihe uke 

— gtor dotted cube in 21g yt ‘ Mes “f 221). i es a9 
— feusionmene divectior ix ee) ite the othe'r and with 

ogo shear , these noryaal tres ses | equal intensifies. Sexe 

3" ia usualy less than T’ or "i Ps. is made = S* the 
tensile and compressixe actions ary not injurious. If follows 
therefore Hut whea aofindes | iste torsion any helig chown 
gle» 4° with - OKs 65 4 line of tensile, or OF COR Bres- 

a stress, accord sy, as ite ¢3 0. tight a+ lett handed rae 

 Berew” , ov ie versh 
. Syma é.4 said ond « hollow = ory i sh iy 
: length , Reet i & Same a of the RS 
4 inetal , ey solid one fitting the hollow if tee other. 

a Compare the torsional atre smqths, need sebarntel oly. 

CHAP. IIL. 
Fiezare of Homogeneous Prisns under bex + poncdic- 

ular forces in one blose- 
=o £24. ASSUMPTIONS OF THE COMMON THEORY 
a FLEXURE, This theory i is su fy ictorctly aries 
oo y engineering burvsece if ike cénstanits employ et 
Po ae perl detes mined by awide range hg ie» ex ee 
 tnvolves certain assumptions A sintble Anature as possi- 
ble, eonsistoutly wet th yactiea facts. hese assumptions 
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os : ~LEXURE | 
are as pee (i prisims cad for solids with variable oxoss 

sections when the cross sections are simi lecrly situated as re- 
— gards a central straig it axis} yz? 
ee The external or ap bli - forces are all r pendicular th 

et he’ 
.* ir. a 

i De . : Sah 

* a a 
Lr) ;. 3 
Nae 

= axe om a and ie tu one — — nay 4 oetlesd ee ne: ee : ee : 

ME ccin toca, te 
| (2) The cross-sections remain plane sur faces dusing fles- 

ure. | | 
(5) There is asurface which és parallel tothe axis and 

pex pendicular to te Nea lane and along which the ele- 
ments of the solid experience no tension nor compression 
tk an. axia l direction, this being called the NEUTRAL 

SURFACE; cp 
— 4) The projection of the neutral eur face upon the force 

x being called fhe NEUTRAL LINE or ELASTIC CURVE, 
the bendix or flexure of the piece is so slight thatan efe- 

mentary division, ds, of the neutral live may be pat = 
| Bigs a prjeetior oe . ime barailel tothe divection of 

(5) The demeuts of the oe contained between ary 
4 © consecutive cross cections, whose inter secttens with 
the neutral are “the ree bective NEUTRAL Ax 
ES of the LOE , experence eluractions (er eon frac 

ee TS ee a 

™ . « A ae = — a * a < % 2 

is 
' oo a+ 

a ; according as they are situated on one side or the 
— Sther of the neutral surface), inan axial direction, whose 
 asnounts are bro portional te Heir distonees from the rew- 
tral oxis aud indicate cerces ponding tensile or com pressive 
stresses s 

a Ee =F. 3 
_. (7) The dimensions of the cress cection are small cem- 

paved with the length ef the piece} 
er (5) There is no shear berbendiculayto the force plone on i interwal sur faces perpen dicuiar +6 thet hlane. 
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FLEXURE. pts 
¢ locally Sa any G2. af the exeynal Trees, is 

bbl, “se Siwesses are of course mduced which demand 

 gebarale tveaiment. These are net considered ab present - 

aS rmLUsS TRAT i os Ne. s onaider the casé raf 

flexure shown in Fig. 22{. The exlernal ae are ee 
eget the weight of the aN \ Vaz. cee oa) An 

* and ~ ave loads, 2 the reaction of coe pate a 

fet! he force plane + 1S eoted. NL. ois the neukal Whe or é- 

lashe curve. NAis the neuhal axss of the cress ~sectiouat 
m3 this ¢ross ~section tite berpendieular {a The sides of 

The prism, 1s Diag flexure a to their tangent planes 

. drawn at the inlersechion lines; 10 cher words ithe ¢ Side view 

GQ NB, ef any cross-section ss berbendicdar b the newre) 

Da tive, oe considenng the whele ree we have the s 

Tem Yr, ua 2 eee in sad a whence Tram S¥0 

i we ey ae + oi x , and from ss Grow abe nt Q) 

= OF Bu =P. eee "given P we may ‘de ermine the 

q ies ae? external forces . 4A es suchas P1 1% Some - 

times called a supporhing force. The elements elite 
the nelral surface NG ESS eee aK Tensions these below 

in <ompresston (in an axial direction ) 

BAG. THE ELASTIC FORCES. Conceive the bean 
a an Fig. = sat Separeled inla | PAD parts ‘by ANY Transverse ekt~ 

4 tien ech as QA ,and the podicn NON, considered a3 a. 

. free body 1 in fe RA. Of thes free body ine surface 
3 —6QAB mS one hs Surfaces | hel was origmadly an 
4  inletnal suvface f the: cca | mn Fg. 22). Hence ‘we Fiz 222 

we wid put in the sleesses acting on oll the @F 75 avele- 

rt 3 aren @f GAB. : si dresses br the 
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; Dee oF LEAURE. 43 

lone, (which iu most cases will be verti!) | 
The intensity ef fais shearing stress en any AF vanes with te 

position ofthe AF with vex pect tothe ventral axis, but the law 
of its variation will be. investigated later (88 253 and 254). 
These stresses, called the PLASTIC FORCES of te cross 
Section exbosed, and the eee eee Fand FP, form a 
systemin eguili briura. We vray t 4¥3 apply eax of The cen 
ditions of equilibrium broved.in § 38. oe i 
227- THE NEUTRAL AXIS CONTAINS THE CEN- 

‘dee a ore til a er oo ION. Fig. 222. 
Let &= The distance of te puter ma st element of the aross- see- 
tion from the neutral axis andthe normal chess perunit of 
area upon ty be =p whither tension ov gompression. Then by 

_assamptions 4) ond (§), § 224 , the intensity of worraal 
etress on any F ts =2 pp and the actual drial cltess on 

aydFis=egpdF - ~---~~-~-— W) 
} ts ion us true for dF% having megatie 27s gle. on 

the sther side of the newhol axis , the neqative value of the core 
nai normal stress of the ebposite chdya ers for is the ela 
a vant (or soyitral ion) Sf tuce axtal fibres is the Same 

a - 27 ,one above, the other be lev, the watial surface, 
q | producing the eleugations are tke same , bravided 

«EB, =E,; see $$ 134 and 201. | 

Fox this tree body im cquilibriasn put SK =O (Xis ahon- 
4 zontal RIS, P at the nsrmeal $ e $63 equal to thee ¥ com 

q von y the Hex ure bean so slight and the X com bouewt of 
Pt Shears = 0 fer the seine feason. This qswes (see og ()) 

s {= Beri O3 ie. Pia =o; pr, B= Oe fa) 

Ta whieh = = dishauce of the centre of savity of the exass-sec- 
ton = the necctral axis , trom atick, Hongh unknown in posi- 

tio 3 ene 27s have been neasused ; (see «4 Ly) §2 3) ‘ 

a In eq. (2) netther Pp ~e gor F con be zero *. = aust =0; 
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27 ____ FLEXURE. waren 
ie. the Gestalt exis contains the centre of wily. 4 eee hE 

2 & external { gman ware astral perpendicnld re fhe beam this hice 

3 would uct be shana A enparaaee 3 

-. — «»228. THE SHEAR. total shear™ , ov tT pty + le “Shear” 

a inthe cross-section ate — of the vet ical s sabe ae ox 

ai e ree im fi at = oe pema eortieal. j dy fg. 2 1 fe mig ara bare bi a RoR -T2OS 
a That S, the shear as ik A ie sum of the externa! for 
ces: ating ow one 3 (at) a e Seétion etd: This re 
Be te implies nothing comcerarsg 3 mode of distribetien ever the see- 

4 . THE MOMENT. By the * Moymerit of oe of tun 

2 Ps the Moment, at an odie on ismeast the sum cf the 

FE 7 ae of the elastie foraes eS the section , tek the 26h — 

a tralags OS Gn axis & vasnients. x this sunmalon the normal 

gy stresses rad alone, dhe shear king pe nat ls hav ig no no fever 

ayn ey the a axis pee 22 the moment af 

pee =I bdF)z = 2 fdrz = bh ah 28 Ieee. Pn or 

This if, f dFz*, ofthe erass- fae ot plowe Ha 

“ta the quantity celled MOMENT OF INERTIA eat fs 
tk. free body i in Lae by pee Pm (Gnem. s absutthe 

Fetal axis NA Oo, ne have % 

bl pnt Rx =O, or, wugencral seneral, Pie NE (- (5) 
é 

me whieh Ni sig unifies the SATA et the twomaits aboxt the 2 sextral 

GE iS 0 Fhe section, of ali the parces asting cae free body 

eetsered , “exflasive ‘of the elastic. forces of the. per Sec 
Be eclt. | Pag 
2380.3 TRENGTH IN FLEXURE. Ee. (5) ts available 
for solving problem inyel ting the STRENGTH of E beams 

ONG girders , since it comtarne te greatest Veet RAL ishess 

> os steel of avea to be found. | in & section 

ar © 
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tu the cases of the bres eut chapter, where all the external 

forces are ar rend iam las tothe | prisia ov wean , end have there fre 

7g “cael pavallel ts tie b pea y be. tothe ais X, itis evidert 

that He normal s stresses ia _ section, as @ 8 a) Hq. 222, Gre e- 

quivalent te acoable ; Ae the condi Rom TK=O falls mae 
on and. Sanit te errae unioes the Tess. het of the ta- 

S1gRS ts equal, Fr sma tle | and opposite ete that of the COM pres sites; 

These leo cual and paralle elresullants, net Being in he same live, 
acounis ($s +35 whieh we may cal te stress - csatle , Th: 

wy oments fof this couple is the wisment of fiexure el, and itis 

urther exident thatthe remainias ee | ces | fg.222 wz: the 
heat Jand thee otemai forces: F end pe 7 acueloat te 

One & cae aes ae obbostte hesat tothe rmed by the 

231. “BEL rlzwich, srernss The irs line, ar elastic 

“eurye a centres 0 gqranuiy the np aly vias 
Sinn ot ; its radins of ¢ seal a at on athe as N. 

Ae ear = ae be intredaseal as QS ond 

| rasa Ore _ oe cher pas eqinial ly barallal, bai- 
how inctined Bo thet He ersectium O wack bh ir, 

Su ficient is the cewhe o. ges 
By. Reh a axates them ab Ny and CG=-. wre 

of cusuature of the clastic curve at N- Fromthe similas tri- 
an U°UG ond GNC wehave dArdx s:e:0, in which 

ls the aengation , UU, of a portion ; orginally =dx, ef 
the cuter tibdre. But the ve batiue elongation Bi an of Pry 

the later Ls, by Sia, within the &t lastie!imit = =P P28 

and og. (5) becomes i e 
FS =M - - ~ - (6) 

From (6) 4 the penties ot ¢ S Cuyval kre CANN he combuled, E= the 

value of EL ao 3 as antertamed from exbertments 7 in bond 

img. 
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Te hall tag equation of the dastic cane 
may be trans formed TRES, He 2 £23, The curve be} 

peonsider tesco sated aes moe equal ax's thes 

| may be | pat = =H dxis. Produce the rat toi iclersot 

the dy een, Pies cual tg as aide a hee the dit. 

weuce ... ATEve Sige tags vender 7 

each ds atits is cere, care bas apagd a nc isd 

kei by ete iwhexs edlion , are Hus the rading of carta 

T he bao shaded tras Rave an faa dd, 

: BS nec vhy per pendicslas to Hie - pues de’ ; henee, 
oot sirailar , We Rare p: 

oe —— and hence from eg. &) wis have 

(approx) ---.ETSS=M ---- (7) 
as a differential oquatien of the elastic curve , From this the 

equation of the clastic curve curve may be Le the de flectisxs at 
= difece pownts | com. , and an idea thes of {he sift 

3 All bemes op pe event chapter bein <3 te ie and : 

: Bi cesenss both FE and I are the same a ety od all 
ee the elastic eusve. Ty using ela € axis X vasst be 

rollel te te length of the beam flexuve , which 
must be sligidt 
Pa. Se icnee OF FLEXURE. Ff the external for 

ces are made to increase gradually from zero up to certain wa 
imum values some ee may do work , by reason of their 
points of appli Hien moving thr pete dishmuecss due te the 

linger lowes of the Bad hae dis Reta 
aa end of is opexstion toe body és sine y this werk | ; 

pended au the elastic yesishance of the beds and je ual a- 

-rount, called the work of resilience (or Spr will 
be restored by the efantichhy of the bad fe taled te | 

external fre, provided the td. mt has mi 

The ener temeposax tered is ofthe ial coc « See 
§§ 14 wa gest a sas $§ 148, | 

a eae eat Hp ee er = 

Leet Vise. (ean mite gir 
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LASTIC CURVES. 
a ELASTIC CURVES. 

233. CASE IT. HORIZONTAL PRISMATIC BEAM, 
SUPPORTED AT BOTH ENDS, WITH A CENTRAL 

_ LOAD. WEIGHT Stes BEAM NEGLECTED. Fig. 224, 
First. consider whe pect we ind = veaction 

to be =>P. | chara line 3 cate are 
ihc pole Oo teette Sivan sedi ¢ ten- 

gent line through 0 as the axis — To do this tere 

yee the portion mB eee Te m onthe rial 
the near Support, un an 

m egurlibrivin ore a one i Sa foce a +P ia | 
3 seckie OLS acting onthe exposed 53 sak The i consist 

ee shear, SS oo 

tn the figus =. Selecting N, 
Dh akc, oxi of x pa Sen oct of mooted ( (that J may 
at pear tn the mo ynent equation) aud

 oe * (mom) = ee 

P 
aed! P(t »)-e1 F430» pet T= a F(t) -() 

sueer elastic curse OB in ths purely qasruct rical 

2-(1) gh yes tre second Pas Rk of equal te afi RC 

: eon a Hence the first x-dewuative. of y will | be ti 
the sl lf x a cousin wal 
ah eee iS THEA @ CDAV TSE ryalive , es cn: 

gral touch notin the seuse ition). Hence fron 
ae wei a ig (£1 Ibeing a constont factor Temas oe 

fae! dy | Pix) +€ (2) 
B42)’ is an equation seer variables da: ac x i Be 
= and hol lds good f ? an povat between 0 aud 

rig siepe or a Pago 

fine and X. At } ik st obe Peta x alse zero; viet ato 
(2 heeomes 
" C EXO =0-O+€ 
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es ELASTIC CURVES 48 
ee a kich i crables us to dete mine the cons Tart C, whose value must — 
he the same at O asfor ail points of ine carve, Henee C=é 

oe and (2) becomes 5 
ay P/2 x? 5 : oy Piro —+—-{ * y» ——— oot ace Rae 2) 

g | aie a . rs J ( 

SS yrem which tae 5 3! t , for simply Cal 9 ht T-ynea sure; since 

ie @ is sina) ) ima . be 7 ed at ane | pelt. Thus at B we hove 

. xk and oky +x =o, , kes 

i Me ag EE 
ES Agoin , taking the x-axts derivative of both members of eg. (2) 

we have 
ETy = P(t 5) +C (3) 

2 
. 

BE ts at 0 beth x cad y ars ze, C'insere, Hence the 
; equation of the elastic curve OB is z Bi pad x x) .. (3) 

To comput e the def lection of O from the rat line joining A 
and B in Ady ie. BD, = oe we put x=~ in (3), 4 be- 

I ing then = eaxd _ 3 

a : “78 LF | a 
ee i not adenit ive values for x; for if the free 

of fig, 225 ext e left of | O the ox forces 
be P, down word ¥ O; and P upward rat By instead 

oh lodler ewes thus allering { te foie 0 of er. UW). From sum- 

metry y however, we know that the curve AO ie £3 syra md 
rical ok OB about the vertical 

— ~—s- 233.a. LOAD SUDDENLY APPLIED. Fo. (4) ives 
a the ke tion dl Corres onding tothe force bY 66 a P op- : 

3 plied the middle ot the beam oud isseen tobe pro sa 
Bete tt. I} « lood & hangs at vest trom the middle of the beam, 
op. Gs but it the load G, being | (nett laced atyest upon the 

4 tet beam 743 suddenly released yom “the ogternal constraint 

= _—" to hold it trere, it sinks and deflects the beam , the - 

> abet 
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| §233a___—ELASTICCURVES. 4g. 
gure P actually ie by Hee beara vary! wtlithe detlections.as 

hat of the load sixks. isthe ultimate deflection d,, ? Let R, 
othe preseuse between the load and the beam at the instmit of 
maximum deflection, The wark so far doe in ben diug the bean 
= + Re dm. The potertiel ener4y Given up by the load = Gd», > 
tle tis ital ar rae hin elic La oe ave both nothi 

dn (5) 
That ay = 26. Since df tis instant the Load eh Ye 

| thy) be immediately ins an wbward mellon erika the oe 

| donble the dP ole otk exw cere a ag ob TOF 

whenee the motion ; oa tle oscillation continues: We 
beam enimparved . Thisis called 

the sudden” a appl ication aload , and produces, as show above, 

ed, and nm. The work done by 
raising the wei again is called ils vesihence. 

Smilasly Uf { the — & is allowed to fall ou the middle 

The Wnta ih 

of the bear - a height h we shall have 

& K(h+ dn), or apbror., Gh, — 
and hence, since Eo Fae dn Wn terms of P 

Bos) fae L 2h EX da? Gh = 5% im Fal, or Gh = pt (6) 

q This theory | % uppeses the MmOS3 of the bealm small enrm pas ad 
> owith the ray wei gli, : 

asta HORIZONTAL PRISMATIC BEAM, © meow. CA 
SUPPORTED AT BOTH ENDS, BEARING A SINGLE © 
ECCENTRIC LOAD. WEIGHT. OF BEAM NEGLECTED. 

: Fig, ee]: | ke aie 1 Seg boiuks of support, FR and F, 
4 are east the whole beam tree, and pul- 
fs fst Go =0, whence “FR = Pet and prea 

q 4 monly =O, whee Fe= Ply > X (LU). Rand P, will 
now he ay as Known 

The elastic curves OC ed CB C B , though having a common 



an watt me qacee ® ee a we coleartiubeatcagbaicae hye 

eked wh a, i. gl ine sd ok y € at 

ty 1. e oe imuteh se by three chats | 

ie aig peta) i 40h $e) Pin ol aa es a 

capend 38 any ee eth aan at aris yal gangs 

dh " 

Che = ha ined di Roti. Pagan” Rabie ls 
[eather Sine biG 2 SP THY. DF, ci Maa i 

cp 6 eee pe 
rae hot eux} x batee eistt ts eat i: . ape 

ir. ya yb ‘ ae ‘yen ive net hue 5, » sor de 

eck eg Har pocalanar: stor Kune te rt in rpee paces fit 

ey sbaheny. fos bablanze alt: tr pie . ue 

es ei ou \ Ge pee et ese gat 2 518 ie 

fe uulpvitiy piers cc ue oe oh mais 4 i 9 : hi 

et an on a | ent eerie omutovid 

<td 

ay 

a 

bie 

paaeitilns vF nt) 
E oe ? bat j {i : 

is abs sit ei5 sO 3 ant ove edie dee 

barks ice o fay ek hae MS ee pet o a aandiae padi oe 

ie a Being gildd oe ae x 

oes 20 ea 
Fem os we 

3 f i 

7 j F its y 2 

y hi % ; " My om i cA A 

‘ rey, gu Fe RP SH Ge 

i's ™ 

: * % pete , ; ° 

j a 

Gia Os ber 

4 

bs 

i ? s ~ tm ; 



‘ | #€ CURVE 50 
Be ta line at Chand — = sea and re 

. pea’. fe Sepas nt ope aod 

the same origin and ae as $ inthe figure. maa s ha 
O, a, , and at B, x, , are unknown constaris, to be 

| > the work. 
UATION OF O€. sidering ovlion otth 

hog oi rom B to aseckion eri sa wd - dc. 

x aud y being co-ordinates of the neutral axis of thad 
section, we conceive the dae rees putinen the ex posed 

3 OS tn the lea, and put = Gnom.a- 
mesctral axis 0 the yy ad O whieh a : 

E154 =P(t-x)-B (t\-x); (1) 
| whence, : a x anh ~derivatives oe both yx embers 

45 SPs) -P (lx-%) Me 
‘ To find “ a owt this equation f or the O, where 

+ Y fdx= Xy Sant aud we have ay thst 
ae the oe for slope i is 

q BL ot. PQx-> -FP, (i, x oy +ETag (2). 

4 Again taking the 2 anti- a, we have fora (2) 

Ely =P(-- nae **)+(0%0) (3) 
4 {at O both x and 4 ae = 0 C0) ae equations dA), 

(2), and (3) no value of xistube weed Da or >d,, since 
I for oints in CB aithrent relations ab is 
__FQUATION OFCB. Fi, 227. Le 1 packed 

A ee settion yiade awywhere on CB. = iat 

q Os . jae dd soe 

a a =-P,(\y-x) (ay 
q N. B.In 4), oe “Els + dx? is written equal ¥o.0 

|” an quantity because ibself casentially negative; fey 





5254 FLEXURE.ELAST. CURVES St 
a The curve 16 eencave Yo the axis Xin the first quadyant of 

* The co- ordmale axes). 
os From (4) we have m the ordinary way (* anti-deriv.) 

fee = -FOx-)+ C"... 67 
x To delevmane C", consider that the curves CB amd OC 

heave The same slobe (dy + dx ) at C where X= l s hence | 

i bal x= 1 in Bre right-hand members of (2) Gant of (S)” 

4 and equale the results . '\ his qwes os Z Pita E t X, 

' dy wh al : ae ‘ tigt= PU, ef x,- Blix a aa tae 
ond «, os at F 

Pl" T rp a KO Rel | Ely= 4 +Ela,x Pie - = \+C 6) 

a at C wwheve x= Ll, both curves have the same ordinale; 

hence, by putting x=L in the viht hand members of (3) and (@) 
ft and equaling, resulls , we chlan C™= — = eas (6) ‘be 

Be domes ts 
: Pas 5 PUx+El xX — abs -% pe +05 (6) 

a aS the EQUATION OF CB, Fig. a Ge “Bab x 1S still an uUR~ 

known constant Ts find which write cut (6) for the jwint B 

sf where A= x and ner o , whence we oblam 

| ieee | 93 132) , OD ! es [Pt Pl Nao ee ) 
= i 
Y “= & sundar form. putting a for P , cored (i ~t) fer L. 
— _ 235. MAXIMUM DEELECTION & CASE Thea! 
a Fig, 227. The ordinate qo. of the lowest beint is thus found: 
Assuming LU > FL, will cecur inthe curve OC. Homer hub the dy > dy of that earve , as expressed in equation (2), = 0. Ako 
— faraty write ite value {rem (7)5 having put P=plid, sana 
i We € 

4 Ple-5)-Pi (la) 4g Fi (esthe2tt) =0 
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234 ‘PLEXURE, ELASTIC CURVES. G2 

p whence [x {oy THA, 4 |= 3 Leet ~L) Ross eukere 

; tute this value of x seas also Ke ‘g a and ae te Ls 

cae whence 

| en PRISMATIC BEAM 
SUPPORTED AT BOTH ENDS AND BEARING A UNI- 

— FORMLY DISTRIBUTED LOADALONG ITS WHOLE 
LENGTH. (The weight of the beam rake it considered! , eon 

stitutes a load. of this noture) het 2 =the lengl of the beam 
and wate werd it, Pe Fort) Fof th, © Fhe ( > then the 

ee <a na Sas lenglh x wil ee WX, and dhe whole lead 

* =wl, asis W Is consheut . Fig. 228. From # wirnetty 

we know i pe ae of A and 8 afecack = awl, thet the 

middle O o the nevtrad line ts tts lowest boiet, «dd the tale 
bine af O ts horizontal. Conceiving a sect on rade at any pat 

im the neta line at 2 — X +fom Oo, ee ? the 

portion of bean. eu the ig en Ve vees hol widing This pov- 
‘ on th YI ore Le , the reat Ou at o: the elastic 

forces of te ox posed aurtose ae m, viz. the NE and com 

nef img a couple , and J fio tetal shear; and a. borlter 
of the W(gt-x}. The sum 3 the eae of these 
latter forces about the aie axis of m, ts the game as thats 

their resultant; (Le. thay sum since ane pavalle el), and this 
— resullant acts 3x the widdle of the le it-x. Hence the 
Bum of these moments = wil- Be GE xy. Now putt ine 

2 (mont. about weutral axis of ane =0 for this free body , we 
have as J 

ers ae eet jen teathas ~x)'; 

Y Taking the x anti~deriyatiye. of both sides of Cid, 
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$236 ___ FLEXURE. ELASTIC CURVES. 53 
Be = GH -4°)+(C=0) Q) 

, ; as the equation of tice. (The constant tz =O sence at O both 
‘e dy dx and x are = 0.) Fromm (2), | 

¥ Ely = w(glx?-5x*)4[C'=0] --- (3) 
which is the equation of the elastic ¢ Carve j Yrroagh out, i.e, thad- 
mits sa a es ie (se sy Ld te x=-+l. Tiss ig* 

ae von th degree, pe. degree bahar these toes 

7 fey a il of fakes es 1 A: Tt. ea me hi were no cushib- 

4 uted loads. Tf by Wesg nét constarit, but proportional to the 

= ordiuates af ax inclined right lisse, e¢. (3) would be of the fifth 
degree; if w were proporlional tothe vertical ordiudles of a paxalo- 
ae = with ts verlical, G) would be 7 the Sorth degree dnd 

* By butting xed in (3) we howe the geet of Ob 
2 Tiz0n . A and B, viz, : Got Sieh ene 

; “lt 2 ewes 
ee d = 33° EF ~ 384 “ET 4) 

237 CASE IV. CANTILEVERS. A horizontal bean 
whote only support consists in ene ond being butt ww a wall, 
a3 tn Be 274 er subborted aA tn fig. £30319 eeapiey q lever, Let the student prove thet 2 

ag a9 Single oma load P, the deflection of B below the 
= get at 0 is d=tp3 ~ EX; the eame statement ¢ it 
— to 4. 230, but the fongent at O is not hevizortal it the 

beam was ori imally sw. | he greatest def or ithe edas- 
3 ; \ Carve from the’ right line Joining AB, in - is evided- 
* prey by the equation equaction ut” x ss ‘y 92 35, FF ad 4 instead 
a ‘ae equettion , Hee reaction at O in iq. 230. Tha as ~ : 
4 a at i, TAax, detection eceurs between A and 0, Lf it is 

eseurs hetween ° and B it (L,-1) mt 
| be ti in fig. 2 24% tie sea rks) oa ia) y distributed alia liens 

beam at the rate of ww pound $ per near unit, The oe re 
5” 2 
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BP CELEXURE. ELASTIC CURVES. 54 = that 4 he deflection of B below the yess at O is 

ie. ee es er=7 WE 

| 238. ASE. HORLZONTAL PRISMATIC BEAN 

ep SYMMETRICALLY AT TWO POINTS. Fig. 231. 
p Metaht of beam 1» looted. Ty the brecedi eases we have 

made use vot the broximucte form ET oly ~-olx* in deten 

mayning the foyme of clastic eurves. In the present case tie elas 
He Coury e from 0 to @ ls more direct! dealt with by em ployir 

peed exact ex pres stow ET + fc §25!) for the inemeut 

the stress-couble } CROW eeakaet e reactions at O and C 
ate eath = it Tom §& sainlety, Gd ering ” a. portion of the 
mS — beam ani rom A to Oy sestion wre dtween, © end. € 

~ oa ) we have, putttng = (vaem about neatral axis of 
 ™ 

P(tex)-EL Be -Pxsd p= et 
That | ts the radius of cur vetting ia the Slee at alf points of OC; 

3 tu other words OC ts the ase of accrcle with the above ¢ 
The up wird deflect! pn of F F trom thet ignt fine letning O and 
COU easily he @ eras Cero ledge, Sard gd + This | ‘3 

Tattle the studert a also the vale ef 0. the slope of the Yam - 
gent line at Cand € eh. T ge Lechion of D frome the tangeat 

aa geese. asin fig. 229. 
| : SAFE bADS IN FLEXURE. 

asi MAKIMU! 7 MOMENT. a hae & the di terad 
fi see $003 OF AGIYéH Beast ander aot fren | WFAMLG Yee if 

ent voles ts a the eas ye ae bey wngt eels at if 

element, aS aie From ea.(5} $9 224. Viz~t 
a % oe ee =f. 

; oi which Tis the * Moment of Treva” (588) of G i fig. | 

are formed be tee section ehouwt iks neutral l axis, i t lis - | 

a meee a3 fie yacct aisha (or outer) fibre fron the nevwal 





. 525 SAFE LOADS. 55 
Be: gaa M the sun of the on about this neutyal axis, 

ae a all the 2 forces asting on the free body of whiek the section in 
question | ts ove end, exelusive the stresses on the exposed Say~ 

of thatt Beco. In other wale M te the star of the Yho -~ 

4 | ments of the forces whick balance the shesses of the sechion, 

these moments being token aboitthe peatal oxis of the secklon 
ander examination. 

Fey the aor beans of this chapter e and [ave the 

same et al sections henee pvaries with M and becomes a 
moxiunam when M fs ne el ah Tn any given ease tiie locution 

Daf the™ tion”, tion of moxtynum M, and tHe 
= aati see estes ey be dedersied ost yrolinai 

b and a tas being the. only ds the ecternel al forces ove. de 

—— taohed. Tf, however, om (oadi wg is jai according +eade- 
me fintte alae broie law the caleelus ma chalet be applied , Yexking cae 
a “ag se betel er oytion 9 t te ear between tyro es 

_sttve ai; “foep oY pate loads. 

As oa rap [el 7 agaenag of the voles of M ale ona thee | pear 
ine aS ease, these values wa be coueaived as lade as yer 
fies (rein afes (oxcorchi ‘to sme definite sate) from a Lon 

tal oxi just below thebeom. I Lf the upper fibres are. bw Corn 
pression 1 TH amy portion of the val so thet fat portion } 13 Cou- 

vex Gown wards , 1 ordinates will be lela off below the axis, and 
s view versa ; f or itis evident Hat ct asection where M=O,. alse=0, 
P: ike. the Beasley of the nerrinal sbress tn the outermost fibre changes 

a “vege tension to com Pression, sy viee versa ) when Mi changes sign. 
E ts also evident row 2. AG) S231 thatthe rains of carvatwe 

i changes Sion , and consequently the curvature is reversed, 
¥ when. Me 0 sion. These im brent ordisactes + POT GH MON- 

ENT DIAGRAM, and Huic ortranites a MOMENT CURVE. 
: The ota ncn moment, Ms being urd, i» terms of the 
a brads OWA teaetlans , we east make the » of the “danaerus 

an” where M = = Mp i equal 2 value RR’, ond fics 3 roy 
wel te aan (ay 
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FLEXURE SAFELOADS. 56 eee, FLEXURE, SAFE 
«Eg, (2) is ovatable for finding any one unknawn quanti- 
‘ “whelber iL be a load. , span, cy Sonre one Atmension of 

Bei beam, and 45 concerned only wilh the 

ti STRENGTH, and ce with the shffness of the bean. iy 

a tis aatisfied im any 4 CBLR y the normal stress on all ale- 

ee ments i alfsections cs nown to, be = or << R, and the derien 
a is therefore safe ix that one vesped 

.. te consideration of oe eer will betakea ubinas ubsequent 
E saga will be found tobe wecessary anty tx beams cons posed 

uniting twa flans ace, [he feta € ghear , however, de- a ue athia ”, 

i tah bears t< hie eee Mian wm be taut relation of 

Bs . in the next article. 
a 240. THE SHEAR TS THE FIRST x-DERIVATIVE 
a or THE MOMENT. A 233 (x is the divtance fe “9 
eo ensured paral el to the beane, from am axditrary ongin 
Consider 2 werkical shez isin: imelucke r 
ao “> hiplge Tenn Sal settious whese distance apart is dx . The 

q at axe the elastic forces of the two ir ee ay 
ew aay cbs pdinnds 5 of He t 

Sage boxt of the beam las some intensity i Wy ib. Pe 
4 Funning lecheay Uhl . Picking 2. (nom. 0 ot abi nye = 

a 3-H + J dx. tude = =@ 

4 “i Eo, tie Momeat OF ole a hand section , £i - Mt 

a i. Hye wight? ; ao id nes were, af hey drding hough 

q by dk om tro posing , 

a =J + wt Se. gM fF; (3) 
fa 

a vedi w = ~ yonishes- when added <2 tie. divide 5. This proves the 
a. 1. 

< y ae te, or rey “ Piky ef 
"$34.9 i, ores 8 hd Ramee 

Ses ease Vt ys res? ‘ ig. whe ais hy Ma Ya a ¥ * if frac a ; ee * ‘ » R Hy bagatel gk Pa 
<P enn A i ( ' ee rane P ‘ 

\s Na) doi ey yt 

Aste er. ortsing from the shearing eg 1H any aechion, : 

= cia in determining My Ths relati lon, theretere, | is bees : 

Now the value of % which renders M a maximum ot ymin 
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- ae FLEXURE. SAFE LOADS. 57 
ze would be chtained by pulting the derivative all + dlx =zexo, 
hence we may stafeara | 

; 2 COROLLARY. At sections where the moment ts a maxi- 

3 mum oF miylmum Hee shear is zerd. 
a The shear dy at any section is easily determined by consider 

bg aga sg Shape Sie ns the caro exther enol of te 
beam (ar Ti components) ~0 

s ‘kd T nh it article Yhe words raxi mam aro minimum ace used 

a. in thee SAME sense AS ER calculus: i.e. paphi » they aae. the ov- 

dinates of the mromercteuse af poixts where the rorgext in tate ts 
Dt he wt If the moment curve reduced to sai ad line ,or 

2 & SENLES 8 straig it it hn, it no yaaa wen OF Tupimatm in 

rt the ehiat devise V4 sid: never thel e8y the seloction ; ‘Ss sll prac- 

a tically borne cut te fact Haat gt the sections o lestand 
4 least ordinctes inthe moment diagram Ye shear es sign sud- 
deny . This ts best shown do a shear diagya , vehose 

e Dei dincles are lase. verti oT. a Bovize Axis aia an 

der the respective z ere of the beam. They will be fnid off 

= onl or downward according as = hk Yo be wh ward or 
1 i ree consia sechion 

on tk. Bs Die the mesrment ordinates re adt off 6h on 
Beitr seale of so many | inoh-pounds , or foot ~ pounds to The 

Linear tack of peer 5 the Shears , Coc, Se } ponds, oF Some 
} 

aged oma scale of 20 many s tothe txch of 
4 . The seale ou Seng beams (5 Arawn is aoTany fedt, 

a Ul. SAFE of, AT THE MIDDLE OF A PRISM 

ATIC BEAM SUPPORTED AT THE ENDS. Fig. 234. 
he reaction, kane subpar is +P. Make asecttom n ot 
ee x<$ from 8. Consider the portion nB she 
pu ik the far r elasite and. exter nal The weight 
a al is re ud. Frome (moms, abut m) =0 we hewe 

=F x; ies M=> Px 
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ail __ FLEXURE, SAPE LOADS. 58 
= 5 del M is pro pertional fox, and He ordinates representing 
Dt will pa re be limited 0 the straight line B'R, tormi 
— telan A’. From sym another Wianqle RA fon 
a the he had of /oapae yoann From ine bechron y tha 

— jaaximum Mts seentobe in the middle where x = ats and 

en 

hence 
‘4 | gliax) = oat ~-—--- (@&# 

Again by putlins Pea avn ati O y For the free body nB 
wehave Be 

ane must ont ccd: since poids werd, Hemse 
3 we shaw 4 constant arid at P oe section ix the right 
. hand half. Tf yt be tekey im the left uth We would have , nB 

; being free , al x Shey tf com) = ae 

the same Sta value as before ; bat J rans “bo 
ward sinee P at Bond J at » must helicase te 

Jee A. MA, then, the shear BBE woacatea tee 
ezero; alee at A Mis amesctmer , thes 

‘lusteatta the 3 pent i Seto. Notice % 

be f-asd 

4 the Saree laod aH a cOSL WE wri be Hee yraylranin 

4 ét He normal shese, #, = R’ ,a sate value; (see table 
ik saad article) a ae ive he @ Nien for P. Butthe 
 reximuem value of pa in the onder fibre oat A. since M fer 
that seckion te Se epere Hemee 

F RI.LLPl (2) B: ee 

4 re the equation in this ee, sotar os the 
a Mormal fastine for ot boi Pl consestied i 

me 242. SAFE LOAD UNIFORMLY DISTRIBUTED 
ALONG A PRISMATIC BEAM SUPPORTED AT 
TRE ENDS. Let the food par Lineal wait ons th 
of - 3(This caw he made+te tretude t of 
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Figs, 239 te 3B To face p. 54 GAR be 24% 
See gt emer eee me 
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Fa 1g. Ags ee Be Beat Fig, 236 ‘_ 
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Seats ne Fig. 238 | 
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a.) os * : 
ies)? is 
eee tt 

et Gy the free body n®B we have, putting x 

3242 FLEXURE. SAFE LOADS. sq. 
be: f thee ee feels ° Fig. 235. Fron ayminetry cach réae- 

et wl. a): 
B ; fF Why Gx) “May (ix x2) 

4 whack ives Mi forany section hy mack tng x ¥ rom Oto L. 
g Notice. that to et tHe law of foadt «5 bee tale 
along the whole length, ant that hence the montertt curve is 
a continuous forthe whele leag¥h 
— ex bulS (ver. 
 combons.)=0 for the free body ,whence J=Zdwl—wx ond 
4 wo d for asmall value of x; or, ent poy 
ig § 240, we may write d M + der 0 pwhich gives 

4 ee Mt =(1-2x) i) 
the sare as before. Te fixd He max. M, or M,, . bai T=0 
—owhick gives x=a1. i icates me dee 6 : 
substituted nxn 2M ~- dx?, ie. in —wx, a negrtive result 
bts obteined. Hence M,, oecurs at the middle of beam 

- and Hs valive is , 3 R'T i 3 
x Moe wl peer a wl =— Wl (2) 

— tathe equation of op load taug. 
Eh ean easily be shown that! Hhe moment curve ts a pore 

_ fion of a pasabolo , whose verter ts at AY under the middle 
ot the beam, and oxis verHeal, The shear diagrain cowusists 
of brdinabes +) a stm ple stralg ict [ine tnelinued to tts axis 
ana a essing tt ghee 1 ve Q zero shear, under the ynialelle 

ot fe beam. where we Had the max. M.- | 
— Thafrictionless dovetail joint with vertical faces were u- 
troduced ot any locality inthe beam and thus divided the 
beam into two , the presence of J would be nade man- 
fest by the down wasd alipping of the lett hand part othe 
rtght hand paxt U4 the joudk were on the rig of nuddte, ard 
Vice versa (fit ai leftof the middle . This skows wiley Her : 

aS 
ere 
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$242 FLEXURE. SAFE LoaDs. 60 | 
— orthingdes wm The lwo halves of the shear diagrams have op 

ia posite Signs, The grealest shear 15 éose fo €rther support 

_——- 243. PRISMATIC BEAM SUPPORTED AT ITS 
 EXTRENMITHES AND LOADED IN ANY MANNER. 
— EQUATION FOR SAFE LOADING. fig. 236. Given 
z the loads ise Se ,and bah , whose distances from The veghi 

s — subborl ere ‘. oe » and 1 me yequired the equoition for sole 

Wading; ie, find M_ and wile = RE =e. 
ee tf the momevtl GAYVE Wee continues : t€., if Wi were a 

= codlinneus fundion of x from end Teena ef the beam, we © 
gould easily find VM by makmg Mi dx = 0,16, 

—— S= 9 and-subsilule the resulling value of ~ im the expression 
a : foy “M ; But w the bresenl case of delached loads , J is not 2 - 
vo necessarily. al any secliont of The beam. Still there 1s some 

one secon where it changes sign, i.€., basses suddenly 
——— threugh the value zero, and this will be the secon of qreafest 

—— noment ( h not a maximum im the siriel sense used m 
Caleulus). By considering any portion nO as free, J is 

—— feud equal fe THE REACTION AT O DIMINISHED BY 
THE LOADS CCCURRING BETWEEN n and O. There- 

S) : come inte play) and pa ng & (nom, B) 2208 
~ if n 

is taken any where between OandE, J =f 
oe a 4 a * E " F we ies 

& * %& * Bt ] F a H I = fed -R-B 

® a 4 “ Mu “ ae EB J=P,-R-F,®, 

This lost value of J also = the reaction atthe other s sper B. Ae- 
cordingly , the skear diagrant tsseon te consist ofdnumber of 

| Boris obtal hate, The veletion T=daM ~-dlx is suck thot the 

a ; Neg nioment eurve is pro bortional tothe ordinate of the 

shear diagram, and thet foro.sudden chan ge ix Yue slope of the mo 
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245 __—FLEXUREWSAFE LOADS. 6 
ext eurve there is asudden change inthe shear ordisate. Hence 

in the present instance, J being constant belween any two aonsote- 
tive loads, the moment curve vedyees toastraight line between the 

samt loads, this (ine hawing adittercnt trelination under each ofthe 

portions ince wiiiel the beam is divided dy the loads. Uneler cach toad 

Ake globe ¢ the monet curve ond thee ord incite of tee sheas day 
vans change sudden ly . Te ee 296 the sheav basses theo tee wal. 

se ZENO, 1.8, changes sign, at Ps oral ebraccall y we are me wee 

a | ae that P-R w+ while P,-R-P, is — em Lee present COSC. 

oe msicering FO, then, as free, we fiud My to be 

M, =i i i i and the equal bit for safe bo6ding 

é 

> =P, Li- F (to~2,) () 

a (i the mox.M isat F) Dts alse evidewt Hat the qveatestshearis 
= equal fo the reaction at owe ox He other subpott : hichegey lethe avelox, 

anc tet the MRO Hi ent ot either suppert ts zero. 

The Student should nt confuse the moment CVE which ts entire 

“= ly im actuary ; with the neutral Une (oc elastic curve) of the beain Peel, 
e greatest moment Is not necessarily ck the seck on of awaxtimur de- 

3 flection of te newtval line. | 

For the case in Fig. 236 we may there fore shete Hut the maxims 

) ment, and consequently he aU, Tension er contpreesion ip the ouher 
' ‘ Cee oe Oe a 

he ee will be found inthe séchon under that load DY Which the sam 

of the leade (incading Huis load idselt) between it and otther aubbot: 
frst equals ot exceeds the ‘eaction i that skpport . The armen! of 

ens) ynement is then obtained by treaiine at Free exiker of the ban borbnas 

«gh Hee bear into whiel Hie section divides the bean. | 

i (244 NUMERICAL EXAMPLE OF THE PRECEDING AR- 

TICLE. Fig. 237, Given P,,P,P, equal to ton, howard 
a “ tons , resbecttvely ; Ls 5 feat : L a tect, and 1,=10- ets wi tale 

eS the total cemath is IB fed. The beamis of timber, of rectanaule 

- ss 0s -Sechion, the bFixontal width being b=40 inwdhes, awh 

the, Value of ag sae est safe nev med shess) = + tou per sq.inck, os 

{00c lbs. pe S44 teh. 

is 

om \ 





§2 FLE KURE. SAFE LOADS. __ 62 

. aes Lhe | pre per depth h forthe hea y fer safe toad) tng. 

OLDTION, Adsing adefintie system F arcits viz. the thuehckn- 
ong ie we mast bine all dtstanses such a3 (,, ete. te beches, 

press 7 fores “ek write R'=— (tons per 94. nr and tu- 

p yet all yes results b ae the some Sublom $ le ee wet! be in inal, 

UN, and shears in fous B. Tn problems | vavoluing the strength el 
a tals the inch ts Cae Rubies asa linear ust than de feat, dence 
fe ay alress expressed | i lbe,, onfons, | ex Sq. Ineh i ‘2 namericaly Ad 

am a emall as Y referred tothe aquare fost | 
" p Mantas | ne whole ‘beam free, we have from moms. about O 

a P= 7a EX S04 1X84 + 4X120] = 3,3. tons 
th T e shear any where belweern O and E is Je +3,3 Tons, 

ee. * ms ah Ty E ond Fis Tx tore =2 Bt foams | 

, fae HF aad His j= 3. aaa =+!.8 tons, 

- hd ia “Hand B= 3.3~5~Il-4= 2.2 Tepea 

aS a {ence gmk on passing Ho the pies i S190, the max, 
Fan O ner | 1S at H. and aa HO free | WAS & yolue 

Ss M = 3.3 X120~ £60~1X 36 = 320 meh Tons | 

Bor ely. M,, aust =- RI which R' = ton per sq.tuch 
zo h Fhe warkuswn ceblt af he beam, and I, from $ go, 

weit b= = Di iy WChES., Pe hese Sup tibak! STS give 

= ie = 320; orn = cei a4 ota Pd ee iGo : 

4 . : ADAIR ASI AT Tie oar 42 — 
) 248. COMPARATIVE STRENTH OF RECTANGULAR 
Bera os a j 

"BEAMS. Foz such abeem., under ‘yes Load bad, the equation 

a a Why, 

whones the fc llowiu. 4 is by ident , , (sing ge. Tot he $e Shae anaes 

Sus oct, and alist bu’ i" ¥ of load. Min ts beotmytional Yo the care wading, 

Bet oS vechang wis iy ber rts snatie Pee of the Sdinre, ferqth, sue rma 

Fertal, same mode f eupport and seve axvorqe ment ; loads 
ad The eafe b oa ts proportional tothe width » bade hating 





8245 FLEXURE. SAFE LOADS. 63 
the same depth (h). 
a ; (2) The safe load is pre dial to the Square of the debik 

az oF beanie having the saine width (b). 

a (3) The sate load is bropertion tothe deptie of beams having the 

same volume (i.e. the same bh) | 
(Tt is understood. that the sides of. the section are horizontal and 
vertical vesbectively and thet the material ts homogeneous) 

246. COMPARATIVE STIFFNESS OF RECTANGULAR 
MeO BEANS. Taking the deflection ancher the same leading Qs COL LWverRe 

measure of the stiftness, and rwhua that in §§ 233 , 235, and 
236, this uted letion is inversely pre hortional to I= 7; bh” =the “mo- 
a “a of iwertia” of the section shout rts newhal axts, we may stat 

a | Fox rectangular byistnatie beams of the Same loath, SAME Mee 

testa ty sane “mode of sit pbort, and sane loading ; 
B i The stiffaess Is refed to the width for bears of the same 

: (2) The prt 18 broper! ional to the ewbe of the height fox esas 
a of the same width (hb), | : og 
a (3) The sh ffness is bro rtional tothe squats of The depth A 
—— deame of equal voluine (ht) | 
= (4) Tf the length alone vary , the stiffness is inversely foro por- 
tonal to the cube of the lenath. 
|_| 247. TABLE OF MOMENTS OF INERTIA. Thescae 
here vecapitulated for the sis ater eosee, and also te values af é, 

the distance of the eudermest bre from the axis. 
5 Since the stiff vase varies ag [ (other things rei equal ), while 

the strength varies os [+ e, itis evident thatasquare bears hes 
the sore ‘stilfress in any position (§ 8g ), while its otrexath is ayead- 
ect with one side horizon al , por then @ is synallest being = Lb, 
— Simee for any cross-section T= [dF z2,in which 2 = the 
distance of any element, dF, ef aves trom the netral ads , a beam 

' terial in ts made both di ffer ond strahger by throwing west of Ut mide 
ab HN © {anges united by a wertveal web, tes fovrning a 90 caled 
a 
a 

cae 
‘ 

tan 

eh: 
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eee 7 EXURE SAFE LOADS. O# 
a The of ak shabe. But - without limit , for the web must 

ah i tp cause tee fl fo act +oq eller As a solid Of. Con- 

. ele fo high, i iable ye huek fe sideways, thus 

. requiring latexal sites Those points will be treated later. 

mi! Section 

a Rectangle pwidth <b scepth = zh 72 bh? 

a [Hellow rechang le, summadaboul weslval axis}( 1, 43 34 

| lea, pg t| 72 Lok bebe 
| Sense depth =h 36 bh° 

2 j ie a radius ¥ 
+ ay* 

Fi of cmncntne aires {O} am (1°—¥y) 
% [Rion Dus in 

[Senave with side b vertical 
oe #3 Bea. Dat 45° 

448. MOMENT OF {N ERTIA OF T- BEAMS , BOx-@iR- 
, DERS, ete. Tx common vith ather | age companies , ae NE, Steel ard 

Thor Ce, of Trenton, NT. (Cooper, Hevelt and Co.) mawutochure prs 
— thatle volled | beara of wrowah ~iren vas iowa called I- eave deo 
beams, ae and. ae iron, (include charrnels , anal ess tees, che) 

ae ins tp the form of % section, Dee Fi. 232 fev wee forms. 1 The 

com pany ibid a boeket-bookk giving tables of 3 quacntitges relating 
to tke erengh cond stifs BESS ef ing as the sole loads ¥er- 

; spans, moments of media of thecr sections im yarions pesihions, 
asthe. The ea nh wer “4 T-henns and ceek- beams 

[ ait ; The T f- pets rose «fen fyi.’ te ae: IF inebes dle, 

‘tea et esis b heen ek 7 ond o in. aeeb. 

Fox beasus of shit greater atifiness and trenqit combinations 
j a: Ope ee. are-riveted t: ogether , forming “ * built 
Sean the pr per sion for the vive of a will 





248 “FLE XKURE. SAFE EF Loans. 65 
camined later. For the present the paris are asguni- 

oy ack together asa conbnuows mass. for example, Fhe. 
| shows a Box-etrder”” formed of Jo channels” and 
pl tes, riveted logether. If the axis of syrametry, 
aa) is to be honzontal i becomes the meu iver) 

{ axis. Let C= the moment of inerha of 
-<N one channel fas given: m the waned hock 

mentioned.) about the axis N rpendicu- 
sae lar to the web A the channel. “Vhen the 
1 Sa Same 

telal mearmeret of enertea of the conesin- 
Fig. 240 
RK aciom 1s (nearly) | 

T= Pere ota * A ds Us sapere < 

J: Ki), Pt. and d are the te lentes gven m Fig 24.9 
ends te ‘he middle of plate) while a and t’ arethe- 

fengiit and width of a rivel , the former from head ts 

heac J: (ied and t are the a dimensions of ar vivet- hele.) 
i: + = Ser aE tor of 3 
fF or exam ee. box- girder, 1s ormed 6 Two {Seimei 

hanrielS ama two plales 10 mches wile and Yt inch Yack, 
Fivel heles a, in, wide and ee rr. longs. That } ts, 

vom the pockel-b a k we. find hot jor the channe| 

ve a ea 1G Sens atie inches, Hence seg AD), 
= 7§2+2% 1OXt K64 —4¥ 2X e(8- Oe 

{ ae, # f wy . 

¥ 4 - rn ae ~ bok ery ey IF (i a i 
Pat) oe Ned “QO Ee oe Yee! y al Tye = 8. 

> er His Wisk Ace, Eo 85 mches S one [£000 Ths 

) Ler 6 Tor S per oF, ‘in. is The Voie ad ae (=-qresil- 
; 4 

normal, sivess onthe ower cement af ay cross—See son) 
Trenton Co oy WE have 

12000 X 1946 ~ Q JA 7 280. inch-hhs, 
1B. 

Mee. d= B24 = oe: $2 eva, «ee be toch, 

Pe 

- rales er es: 
ws © IM gh eae Ps ver 
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Figs, 240 %247To {ace p. 66 89 249 i253 
Fig, 240 will be fotind on p. 65. yn the text. Ay ) 

| | Wey Com Pression, 

n | oe 
saan (2) 

eyes fp 

elo ee ot ee 
li 
e, 
+ be pos 

Oe. Q, : a £ tse 

cnt bs i © 0 win, 

: : KAHL ; 

10 = [re = Ge) Fa Q4Y | { 
Feg, 24R P 

3 24, Fig, Quy 868252 
A ce ole Gy ne Ome te Oe Mee 

&@ a | : * 

A 

Q t. 

Fig, 24S a § 282 
yt eee eet wel EI NCS RR CE SEED RNG TEES meee wee — ae Cone, 

unte ad ed. 

ae 

Fiq. 246 Fig, 247. 
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. shretsee ute geation jand | ih te revels, wil he. considered 

24g. STRE NG@TH CF CANTILEVERS. i te BAA wiice 
qhe conden 4 lead P gf the | srectiy extremly , We 868ty 
sf é “tle smomed Ae ie he M = “Px and rare Ware, aise LO oReut 

te ria meit the wall , its valle deine My SP. 
iy age Jy gon ait, and =P at all sections. The memeat 

ang cabo TW ONE axGwy i ee ae with “these resui's 

, tT the load! Wal tS very fornly distr thucled aR the sul peas 
My a? By anak 58 Ss} tne ee ALE, have, cael rae: ne ages 

—~ ite bss 

Ee ola, oe: vey" ‘ex is a ac tO ‘axe 

5 vasa Ping 2 7 (ver, con tf ous.) = .O we ee = Wx. 

4 renee the sheer « ae ~ atriangle, and tie pax. Jaw = =W- 

250 RESUME ‘OF THE FQuR “S{MPLE CASES. The bh 
| Hg table shows re ees o tthe ae. beclioe wrder an avila 

P, ar W, (within clastic | int ), and oft the gor ladk: also the 
So Sa ERS, Se ie ate vicniat 

Caw a’ le yer i Ge ALS wt twee Ont saphote 
etn ae ty sel cine Waa ene home re ae oy Tee errr 4 

Wi th “OUE ie aud! « 4 ltt da Leal Lead i big 3 

ii ead ee gee nS Se Dey ARAB SS Pgs | 
$5 . W Me ae “qs tZid® 

lative ati fuess | 

ie oe ao re a ae 
z i oy ay tf Pod zat a4 i ok j keud { i 4 Ne 

ft, i ag S be { e & age oe i re moe ree 

Sg MG ee ay oa ND le a ied 

ap A ea ge CARR oie As ao SB 
be hi Ms A 5 ; ‘Bi Be | ee Ve # 2 Ax inn Lestcp 

ef ea i¢ i€ : 
nie aceeis CYL £25 eke Ae So a ee eee 

give lgtive Stre mathe) 

re 

lative siffness 

ler au-¢ oad 
ax. Shear = 
pad los ee 



Soe a le ae 



Sorte Lh OEY an ive dig eg te: el aS Pe tin ty - Poan iy tg oe Faris 
ir ? a ul ae ‘ys Fi a ios Toe Niet f q 

p Pa y % * ; ak : 

i? { 

ae 
Be oe 

S oaieetee a 

rive . a, the relative sti fuess Cundes the seme load), and 
Y elective sii ff aess tm +e Sere load , v the vame bear, a 

ie The Wax. . will be used f: riers Yee proper web a 
oe for T beams and “built ul ® The student should cave filly ae 
= ag y the foreqoing table, necting eS be te relative shen, stiffs, a 

Baud Fett ee cel fosd 1s dae tate: 2 
me Dk, « beam. with twe e es wil bear adouble load, te 
i: 4 am detabaled asad of ‘eoneethoted lathe middle bit will ft de- 

; “% te woe : whereas with Seopa (oad uniforinly ue rhe 

n gaffes would be only 2 oe that caused by tHe same load in 

ee px uded - Hee, 1 Bie timet is vet Sur ped ined Hat case, 

¢. FOR VARIOUS MATERIALS. The forauct 
My : abate 1 day given case of men WE eon con 

«Bt Atk the yalue of th carats were stress iu any oittes elemett, 
Pf de all the ot i tes are Knowl, holds good. asta: 

a wi bin the elgeti ic limits only. Skif, gore experanerbers have oe : 

fervnala 4 for tee. ern of ee by Heaure , eallix ug the value of 4 i 

a a , S he Ve tie Nu Lodulus of of Rublue., R, R is is ud led a: tod c 

side ably ae both the He Tat of § 208 with ¢ e mdteials beag 
| al wlermed. 2 mvaluc bebween them. This aught be expeciad, 
» @ ONeK Bu ppesiv the relative citi ere upressiont (ive stu: 

vad ‘\ ‘ites: 46 be: proportional TOR ag: toni she nettral oss 

ues the load Increases Nowe raplure ; the vorree banal Stresses nat 

he us 5 probe “sne. “te hese sWratss bew ond the dastie lum, v6 loty- 

vay dine as the distauees teow the medal axis. 

a fell Ce Table gives average values yer R,RR oud E 
THe oxdinory 7 nuaterials < t omsbruction ae The po of dest- 

bor AT, & hy ‘he “ove + x deffetion iS quiver aS Coins’ uted 

+e experiments } im £ lem mxe , aad } is neerly, +h same at “z and E : 
7? Trowy example facta is usually wrifler equal othe 

S250 ___ FLEXURE, sare Laps 6 a 

— | 

ee 

is oy Se sites 1 lore oot he niutret axis waetker that {- 

b Lt 3 ty he in Tens ow oF APPA PTESS LON 5 Siuce iW vee oa 

5) “43 He tensile eqival to the comm bregsive stress fp ven. strain 

ae lat ¢* tive extension Cy contractien) hut Hee elastic isnt i reaghed ai a~ 
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s or use axe elie nile im “Fleruse. 

re. as Timber | Cast Lron | WretIvon| Steel 

| Max. safe stress y sah Nae | 15 060 

Jixouter fibre 7 1000 | ONE IM) 12000 | to 
{eR bs, ber sg.inch * r  AKO0OE 

q 4 & Elastic tematt 7 

TER we per sq. inch 

a i pica ef Rupa” 

/7 000 | 70 600 

/26 000 

1000 600 ; 

Bab 000 \11 060 000) 29 000 Gu 
os ly +e case of east tron , however, (see § 203) the elastic 
- isnt ts reached 114 tense: : with dotress = =@ 000 lbs. per $4. tneh and 
* ahs extenaini of 88 : fe. OO Of One per cent. while ih Com pres. 

gion tHe hae mute about oe. Ss sg Hee clastic limit. 
i. the velabiy wake of ie ade also dowbic. Nene wih 

east o hope oner | Sen oljnost a dis 
a placed y Fo lade at art itl 1 an economy 9 materic. 
= . ef re by imi the outer fibre OW the Gon ressecl side 

| twice a a3 ipa from the aire, axis os tat onthe arekeked side 
= ne sia, 243, exoss-sections wt He AN nc flax eS Wee uae 

A oportioned that the cavttre of was “Wwice asnear to the 
_ a Fibre icteasizn ast thet at at coon hE, Gp =2E, 3h 
otha words tare material is placed : ension Lhe iia CO WH bveSseoh. 
The fibre A being | ta Yeagion ea elastic (init) that a 8, 

-: Sinee. itis twice as fax + +soT te neutral AXis and onthe ath rey 
= side, j iS comProetead Lied aS vine as Ais extended : U.@. 1S under 

Pa Boucbressive sf tain double the teusi sion at A, beat i} acecrel- 

 auee with He abeve figures its stale of ea is pre portion 
: fe all os much writecin the elastic | if nut as Hit 0 of A. 

=. Steel bean fixe? qoducl ly comtivg vuto USE, aca dhs ublos sie 
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replace lrosc. of we abt trom. ; 

.. rect range of ) f value of Fe for vimber ¢ {S$ due yell ant ty 

| + that the vavious kinds 0 f wool peat wide | " thet 
: ei: the behav ov of shectvers fe one k ds scve- 

what on aaa Hg ete, but alsoto the ae thatthe 
ize aoe | beam under grag has ure todo with the 
ult. periments 0 Hue Mass. Trelitnte 

0 Toehuolog im lot! ia we on f ll size (usm ber (spruce), | 

: iM 

gk * 

hy 

7) . 2 

3 hey 

a 

ce: 

4 

Pee 4 

: of dinwengi ons ae a ily tah ea oor beams tx fbul- 
f sand eran (from is 06 te a 

Ys. aq.tnch mace tf oe . the load 
ot ed 2p in spare: acoucentrat d isda 
| bet wees hwo supports. 

; T hese low values axe pro ably die to the we het 3 itt lavae 

| s peeumens of ae value +6 pau y of its substance is 
move ox (ess broken b y cracks , knols, ete. ne higher val oF aR of 
mest -cther axpoictnentos having heen obtained weth small & straialt 

oe selected pieces , isa eo st to sixfeet | rate nat 

value R= meee inehiis ent 
N. 5 Sn and Sted Co. in a sti the safe lodds thee 
volled ht i itn Cone witl the sti pulat (OM that bears 

| ( vd ir axe ‘a hand a ie width) J mast be secure. agains? 
r f suck is not the case ke vodto a Hie ae 
veal tad cle teh with R= 00 is taken | oe oud 

le in a re lee l see antty Ned to 
ae ¢ Brick a od Ot ve eioke 

tad le gst Ne 
acre NUMERICAL EXAMPLES. 
le A square has of ‘tron (+ ein ‘hele = ¢ 

ly pecuculds are whosk <odied is 960 ae rthe plane vf 
A bend ing being parallel de the — The square. Regurred the ol 

‘ est wotywal PEM 4 m n chre. 

7 SOLUTION. or gs L 23 iwe cn werite 
| El et p= é& ce » Lets co 
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he units [uch and ad fei ra of the ta ble j mW ae 

oe we have € = 3. ata ~ 2400 em. and E = 25006 000 

. ag sq.inch, and. 
ah Pe faa a = 5 000000 +2400 = 7812 bs be: 

sa a whieh ¢ts ve ‘ Hee a distance, i righ frome th [ire 

; wen tral axis i normal stress tepaa f= 5208 
aot ie er 3q, te. If “aa aie (v.€. blawe of rae woes) baxel- 

othe di onal o @ sguare, Pov L eos 2 inehes, 

i oN y Py 17512 (2 wns per sq. in.) $238 sho on ime 
a gtanee where @ ortion, OC fig 231, is bent in actrenloy are. 

Bee EXAMPLE ; A hol ie oy tov east | ivon Vay pe 0 rakit 
BF and & inehes ts supported ar ded asin Ad. 244, 

Bs Reg wired the safe load, neglecting the weig it of the bibe. From 
ie Halle % in $250 we toys for satel | | 

ees Pa4kl From § 25) we jovi it 

Ee ib0 lbs. per agin; and fromS 247 I= ” “12 ); 
& with Hiese values r, Fed Ek, eo. oy a 
r= 22 and L=1A4 eas (the ‘meh cpuet pe the unit of 
bat sinee R’= 6000 tbs. per og. INCH) we have 

P=HK6000 KF 42 (256-186 esas Aj 
 P=3470. PouNnvs 
Ue weight of the sag9h he f is & Pate e me 

q ~—«G Gans i) ly = =e 22.(6-124)) aX Fea 4g 3 lbs, 

: (ec 87 and ahs Hot y, here, ast be (bs. ie cubic Such) 
: and Has weight being ry ate dis try be Gad ts. Rail 

feut to nalf os muek , 221 | blicek } i asi mnddle, « a3 

oe Hee strenqtls o the learn ts OE see § 250) P wut 

Bite. = $20 lbs. when the went the bear ‘s gonaid- 

: xa PLE 3. A wrougit-ton ro ha F~beam supported 

: af + the aids is Lo be leaded wnifortisly f “tg. 233, the spar. be- 

te eq ies te 20 fed. ity eross- ee dia, Lhe hes ade bth, 

i 

3 
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eS ge ee re oe i ee ed | Ce 
ee CRIS eae i Dots a eo Perch re 

+ TT ek Ae oe ee a oy Yee 
‘ Ty po eo ee Tit eeain 

PEFLEXURE-SArF LOADS. va 
a Pio ihe web, of (S eMC: ues ae wid ke cf Po ees 

fy the poche | hook ef 4 Mey vendo 0. itis called a 19 inch 

t f- beam , weighin ye per yard , with aimoment of te ae 

pa 523, is “quad. nike ahaa wovity re. Devhenianeael a 

vvo4{ le web (t.¢. when ‘he web is verbtead, the shone | lon) as 

Say Bae abou o qrovit axis ‘ame Ye the web(ie 
her the ‘a b is Ap ake ee slat il 

i First lacixathe web eee we = from § 230 We Safe 

lead , | dichr bid, - 3 ot With R = 2 Joo," | 

ia os O23, l= -2HO iucltes , c= 73 inches y this qives | 

| W- [8X 12000 X 523) + [40 Xi! oa 7902 lbs. 
e Ba this naludes Hie weig ht iiee ae G= 20" ~ Be :: 
Bi /0060 | lbs. a henee a destribeted load o 269024 (pee ov 
ee S.45 fons. wa be ploced onthe bear WR 5 sooo ainst lo 
— lecal y yiedd ix 7a sage re ferred to gives if 27 ta 
ae aa fa sate lo but the depth 0 of beam Ge used is j5 7 f6 

mel 163.) 

| See! te web horixorlal 
a ae ES ae + [240 XF | = © of Wi 

a it: ee iF of Wi. 

EXAMPLE 4. Re oad Hee lection inthe i 

case of Ex,3. Fron §'250 the de lectlon at nee ii is 

ee 2 Wi? PRD Ue Re 
org 

ii es et 

¥ a 384° EF, ~ 38K Mere. HS a e+ 

Et 2. 12000 = (R¥O 
i dl, = = 25000000 G4”, Cineh e pound)’. of, =@. 304° 

EXAMPLE 5. A rectangular beam of va , of 

| P width b=4 tuches , ts ral Fae rests on two en subperls, ‘ 
E aml ts Peary atied ‘at the middle. ve qivited 
the bres defth h. pehe $250 

Pe be ae bh 
P ae Af Toe aa od «x x a 
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‘ eas SAFE Loans eis 
: Pi+4Rb. For varicly, Use the ay and ben, 
cn of unis, P= 0.60 tons, R= 0.40 ions bev 
BT inches ana b= + inches. | 

| Ats (6 X0.6 XK 240) + (4X 6, age s
a a u, 

\MIPLE 6, Supbese the depth in Ex. & to We acne 

by the condition that the deflection shall be = Ko a 
span oy length. We should Then ‘have from ee) 

ae eel | 
as $00 le 4B ET Using the inch and fon swt, 

: —61 206 pee Tbs. bey $2. weh swhieh= 600 tons Per s 5g 

oa i ce bh™ 4 we have te 

~ $90 N °. 60 X24 X 240 X12 = G00 GU hele 

oe 64 XK 600 X4 
Ths | 1$ . 10,4 the lead would be sale as well . 

Ted a it Eh emmilis. ts Svan vadius bemg 24 + in, the eK 
al 50 mM, ie we def lection uiidey ils ewn mm weight nay 

al jea of the len ghh. 
ER AMPLe g. ee. Pi heal is 6 feat high and 
ne foot Trek A Gom Mon breek work ( see 8 ”) and ¢ Ss to | S€ 

b bore iby an }.- beam | wm whase ouley fibves ne qveater norma! 

sis 3$ Thar 8 ace Ibs. per 34, moh 9 allowable - If anan- 

% of i. beavas j i$ avanable ranging aw height ae Gy 1M, Io 

at im. (by whoie inches) , Rey one sha)i he ehosen im the 

€ mement of snevtia of the 1S. inch beam being Goo biguad. 

‘ne ches 
. SHEARING STRESSES iw Flexurk. 

‘a QS, SHEARING STRESSES IN SURFACES PARALLEL 
TO THE NEUTRAL SURFACE. Tf apie f boawds ( see 
fig. 246) t5 used To qupporl a lead, the boards ben ng free ip 

ek fT 
ce 

ib an eath ofher At; 1% nolieeable thal The ends overia tp, al- 

pr poet insane e ‘if fhery cross-sechons ave SIMILAR Fi GuREs 

oe 
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3493 FLEXURE. SHEARING 73 
ugh. the boavds are of equal length now s€e Fig, 24-7). 
. shipping. has occured along | the Suv] aces of conlact ithe Com - 

“pinadion bemg no slronger than the same hoards gide ly ‘side, 

Pt, ., ey eae together, piled as in the former 
figure, the « li ppg is byeventted and i defletion 1g much less 
Br ander thes s loga That is, the con pounel been is beth 
st stiffe «than the al of loose boarde, bat the tenden- 
gy ielsl sli » afi fe avd is Kiown as the “shearengy stress in 

—— gurdoaes poxalle tothe nectral surface” Its ictlenss joer und 
be | oxen yt . vphe he ieqersh by aay free- by : oe 
a él AN’ be a Korlion, con ree , 0h e left of 
ah yeti N nd bris atl beam sii i hevt under forers 
: * one blane on Scheer to the beam. The Soca ¢~ 
ae P about the nudtral axis at N’; WVee 

F | fl om; whence pl = Me “~~ -+- () 
; a - Similar( Ys with AN as a {yee body NN’ being = ax, 
> | 2s whenee ‘, fee (2) 
p oud tg ore Ws 1 OE ee hee ctreases Lu the outer {bre 
yi iw 1G FANS yErge si N ang N’ Tes peetively. 
i ee de annie ‘He block NNS (ying between ws two consecn~ 
We vest LENS AS moh bodt Ys (inf He. 449) And furthernure Te 

weve O-portion of the top She seis Mien e portion big | 
BOWS Shoe pes eal 4m, Olas wen ap er Och ol 

a wi distance 2“ fran bad “ines This lattes free _ 
a heap tw Ka. a 0, eh ( i tle yer ag eer seedy 

The agthvons bor it ¢ ofthe eh tok he wwder > 
rosli2 Nriarin! Base, (ga fi, { asus fag to the 

Be be face | we whteh The rer nentooned stip ping ors a 
ing, tondeney ved The teal por en of fie | block NN’) 
Ts "wow pare ctovted tus culbing , or sliding, force ib we 
| wala des along the eas surface o ee latter. © Let the oe 
k a Ranier uy this ® Keon va oree be X (per vant af axed). 
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7 shea: force om this under sur fare y = yi dx, 

oO hordordal width of He va al this distance 2 AH 

2 neutral axis of Nn‘) and takes i s blace with the ali 

baw » oud portions of of J and a the res pective {stad 
\ ~~ eliears. ( The Se of distribuatt lew ofS ever the 
= cal wection is as yet unknown; see next article ). 
2 

— “Pato ( contpons.) = O mm +g. ASO, we have 

if [repar-f- 3 pdf -Xuldx=0 Xytdx= Lk fo ne 
: 2 fo (i) ond er te = (MIM) Fe 

@ ‘ “Xytdx Sie f8 peed : roe f fear ~ 43) 

‘ 4 fe sae sy unifof ares ares ot te ei torte 
i‘. : le ney neutral Suri hed AWA at adis tcaas 

f" : it ea is seen ‘to doped onthe’Shoar'S and Hie momen! ¢ fle 
ed of the whole verti cot aah uber the hovixertal “Hick 

hos yto . bean a Surtace ih questipe ; Ghd by pow the 
2dF , whieh ( ‘ Ort § 23) ‘athe preduel o of the. Bled of 

best of the vertios a extend: onc the sur 4 nce Un 
ton tothe euwter fibre bythe distoxce fl byt ios 
yr Hee | ig pein au. ‘face. 

# mow 7 ‘alone Hem $204, that the ndtonsity ‘(per wnt axed} 
efthe shear ox an ‘dlaticaan ose. of the velioal exdss section 

- best bear, and ‘this iactensity we may call 2, is any 
J a} just ae inthe Bak oval section as is ar “the 

ne aistaned (2" fro 4 the yeutel axis. 

wis AR, OVER ns VERTICAL CROSS SE CTIGN. The 
om sity v Has 5! eax, si ae aS. pes pa te ch toy | Liat wstonee ; es 

1 been. bro ved . be 
; As x > za E (% ‘ 

: erat er $f + 
aw’ ff 

of the.  samaeinee AT the ee atresses fb bet i 

fhe cette of ora 

., MODE OF DISTRIBUTION OF J, THE TOTAL 





= LEXURE. : at iN pre Stas oy 

- tis a required He 68 lwe 0 A a Ha Lue hea sie 

ay al AX pile a erogss section alos Ge tothe abutment, in Ex. 

i 252 Fig 261 shows his section. Fron it we have fr for 
the shaded barton. lying above Hee loaality in question, y= 4 

halesrand fae aC of lade bert) x (lt 
of ‘ils Rely f cavity trom N} =(12.8 sq.in.) x(3. 6in) = 
46.08 cubic aly gt i 

a _ The ee alicac J spthe abutment reactise = 600 the. while 
i 5 bhi =72 54 Rue AT ee: biquad . mehes, Both 
ey and I vefor Yo the whele sectlon. 
oe Ae 600 X46.06 a Sage aE KA ma | 842 lbs. Pex $9. [Nes 
“Qu ite pee my beat. Tu the nerah borlwod 0 ot the wextrnl oxic, 

w where “ahs we have. y' ae and fz: zd =f" zd F = 20.8 

- £2, 6 4 am 08, whi! : J and of of a axe the ¢ sathe BS 

he re, Hence ae ce 
g 4 i ce = 21.62 bab as Sq. in. 

* aw . glia be 
For asolidl ree au “a Buon uke te above % cs 
a cae seltiots cach he asthe coordinates of the 
bo paxabola i in gi 262. 

| — Shuce | ave equactlow, (4) ‘he hovizowtal 4 Huekuess , 4M 2 ‘ from i 

3 ide to efde of the geetion at the locality where % ts dasive, 
utd i the 2 ee and aince [°xdF tncreases as -z! 

grows Lu “ y smaller, The fo hie may le stated josie 
fe di hihi ction. o- 4 me | fa, Ub, che Zax, 1 any rye sedkow, WZ! 
ET he oa i. . 34. in J of thai! 100K 4S RETO af the out 

br - elernents of the sect ou, and for beans af ordinary shapes 
ts greatest ywihere He section CY OSS&S the neuta sur qace . Fox for 

of OSS section houins Hea webs its voice ey he $6 great aS 





254 __C=FLEXURE. SHEARING. - 76 
ih, eqietie special \uevestiqation ‘0% 5a fe design. 
a Denoling by zo The value ie at fie weictra | axis, (which=% 

tthe ventral surface were if crosses the verfical section in: 1S 

Hon aud atin the Hiiek ness of Hye substance of the beain=b 

at THe jeu at .. have. 

area above 
thee distance of its 6) 

cout. grow fron 
Abreal as) Cs, 

‘oe ne, es Tr x fe OKs x 
( ; | ¢ (or below) 

Bees ALVES OF Z, FOR SPECIAL FORMS OF 
CROSS SECTION. From the fost cguaton ito ts plan ‘ict 

for a prismatic bean the value { Zo Is broperHenol to J, te 
total Sheay, and hevce to He paltoke of The shear diagram {iy 
any porticalsy cose of loading. The iti lty of Buch adiodratn, us 
7 obtained iM {igs- 234 ead tuclusive ,ts there ep evi dewit , tor by lc- 

cate the qreatest shearing stress. iu the beam it enables 19 to provide 
proper relations between the loading and the fonn and material of 
the beam to secure sofet agar ust supbure by shear, 

ss The table in § 2/0 qives safe volues whieh the Ma-wiMUNt ip in 

any ease should not exceed. This only ig tie cose of beams with 
_ thin webs (see figs, 238 aud 240) however, thet Zag is likely to 
need attention. 7 

: i Foy a RECTANGLE we have, io (see 4,9,§ 29 4) 28, | 
T=; bh, and [2d ag bh. th =-¢ bhe ne | 
“a f 

‘ oa, ,, ae a ee =5-(total shear) (whole oreo ) 

Hence the qreatt est isthepsity of shear er the evoss- section (se 
* $ great ber Umit of area ag . the tobal shear were uni forraly dis- 
— tribubed over the section. | | | 
For a SOLID CIRCULAR section (iq. 264 

3 ep = J (“Zar = OE ESTES he ‘aio = ie oe 
ma * Ib‘ Tarr. 2 oe 8 er, 
[See 326 Prob. 3 | 

fear or a HOLLOW GIRCULAR cedion (concenivie circles) 

aT a Se 



| “phe Hart pela Laut : 
hor SK Os oh ae atP oa 

if 

5 +a) 13 25% att Pty es rs) say gril ja 

ah 

¢ 

yey +6 Sih are opr iaatter, basalt aly pees ny 

ee ae, ‘eh rs, 

bak: poms ane ua) 

how gt fh 



i 

i Pe 
rehorrt 4 

% 

‘ 



ON MT apes ee 
.< cn 

nicks hv tne, hey 
ats ee te LY 

F; a 5 Fie ds Bare er aes 2 xt Ty 8§ 256 ae 260 

rare yd i 
e 

$ 2 

aie bee wl te] AE 

LJ 

TTS HF 

- (5 aa > 
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‘8 256 | § 257 
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‘sf . Age e : sg . > a) 

ie EFL EXUKKE, oo + tks 
f Baas: we have similarly. | 

J ee oy, i at lad 4 TG 79 =% hs 
5 aa ; 

r “s "Fate he a, ay a 3x 2 <s 3 hoe ~¥ \G-%) 

“Api This formula To Example an § vanes > we fi have 

ws s the mG XK, shear di = + Y = nod hes Thies eh 

a t he. abulm ent reaction | ana hence ¢ pulling av = (22+ 7) 
Ths 

BA, man, = HXTKITISL SH 42.8) a1 pe 
3X12 os ISo\G-3. a 

a cast tron ts abundaritly able To wilh slamncl im shearing. 

For a HOLLOW RECTAN GU)AR BEAM, symindlyiec 
| | abost 4G neulval surlace . Fig. 286 ( box BENT Sp. 

ee gc 5" bh, ) e Pies bh 
4 a Ton ae oe 4a bn | \fa- i 

The Sayre equation holds qood fey hea, 257.(1- , anit square 

e's) bid ther by denotes the sun of the wudths of. the he llow 

hw 
3y is ustal te consider thet , with I. beays (and bex beams) with Hie 

web vertleal the shear J, in any wertical section, 1 borne exclusive 
4 by the web ortl ts oa fornely distnbudled over its section . That 

hus is Hea ly true ‘moy ee proved as follows, the flamae. area, be - 

id -contparakvely large. Fig. QHE. Le F, be Hie oxen - one 

ai Dug@ and Fy tial of He habt-web . Then suiee I= bby +2ne 

(the lost texyie & appre byoaimnale , hier, ren as oneterm of the seried 

J .) and f yd F = pee Wo es pee ae (the first form hele 
a we ‘he 2 es ftear rhhlorere) 4, 
¥q +o A 7 eee Ih. ~ EAE bo ithe) i (F, +b , WV dag uf Wye 

F Bealect Fp at coin fared with LF, and 6F, . But by h, is He avec 

Ewacte web, ', the s lees ber tat avea ot the raat ALS iS 

j ; yt ; 
~ {9 f- aaa Bi <5 

‘ wy, 24 serie atk lee’ 

8ein 

286. SHEARING STRESS IN THE WEB OF AN J-BEAM. 
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5 -EXURE.. SHEARING € 
Re rly the same as if J were yaaa distri buted over the wee . ee : on) ; 
—— Sinilarty , the shearing stress peyv unitarer ot n the upper 

edge of He web is still more nearly equal to J > heh, (see 9.4 
8264) for then Sn 1,298] =F, thy nearly. 

re ~The shear per unit area, thea, im an ordinary I- beat is 
— dhtained by dividing the total shaw J by the area of the web,” 
EXAMPLE. It is required to deternime the prope: Huckness 
te be fe tothe web of the I5-inch wrought -iven rolled beam on 

7 

Bramble $ of §.252, the height of wel being 13 inches , and a safe 
 sheartng etvess ac low 08 £000 (bs. er agin. ( the practice of 
the NIV Steel & Iron Co); the web being vertical . 

a The greatest total shear, Ji, , occurring ot either cupport ond be- 

tal ei i halt the load (see table 250) we have with b, = 
wid of web, He: | 

4 ; vey Wx. ih, ; 40. 4000 = Rus Oe, gk. 26 inches, 

(Units , iuch aud peund). The 19-ineh light beam of the NIC. 

has aweb a ineh thick, so as to provide tora shear double the val- 
ue of that ine the foregoing example. Inthe middle of the spon 
| 2o=0,sinee J=0. 

297. DESIGNING OF RIVETING FOR BUILT BEAMS. 
The latter ave genocatty of the T-beam aud box forms, made by 
~vveti a. soe of combimucus shapes, pet of the mia 
ats 7 nq thrown inte the tena members. E.4. in ftq. ATG , an 
 E-beam ts formed by reveting together, in the manner shown ix 

the figure, a vertical stem plate” or web, fone Yana le-ivors” ond 
ay o“Plange- plates”, each of these seven ap being corttinwous 
Parough the whole length of the bean. If the riveting is well dove, 

; the com hineliou ‘A rae Sess sential sate load. 
AGW S RON hoy Ne - reqotwq Yules; ih Com pull 

4 Scat SF yah ; cr, the pork oh OF Grose oka owt by 
the vivet holes vust wet be included. (This well be illustrated in 
0 autseguent pasagvaph). The so.fe (ond hoxistg been con puted 

consicerdiion of normal stresses only aud the web being made 

oF 
——- 
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thick enough +0 take up tHrenax total alear, Fi, , with ob sil 
revasina te desiqn he vineting ,thermagh whose agancy the web awd flanda 
a gene to act together asa single comtinuond yigie ness — 

be an the side of sofety te sonsider thal at aniven Loaality in the 
beam the omen by the rivets hur: angles and flo. 
ges, per unit of ea bean, is the eame a8 that-cawied bby tien 
connteting thd enaies and the web (“vertical até plate”). The «- 
“mount of this shear may be compuled from tht foct that ibis «- 
qual te thet ocewrring inthe surface ((poxallel to the wexctrad sunjoce)on 
which te web Joins a tanaste case He web and fangs were of 
 dertinwons substance as inaselid I-beam. Gut tis shear tust 
be of the same amount ber hocizoutal anit 0 lenghh in The veri | 
ea) seelion of the web ‘siself where it joms the flange ; (for 

4 gm § 254 We KX). But the shearin the verheal sec- 
hen ef the web , be ing ani{ermiy dislybuléd is the same per 

vevleal linear unit at fhe jaudion with the lange as al an- 
--yclher pat ¢{ the web seclion ( % 256), and thé whole shear 

+n the veviical sechon of web = J, fhe “teal shear” of That 
geclion of the beam. 
-_ Nence we may slale the dtlewrwuy : ey é : ay 

< ad q The riveling conneching the angles wilh The flanges (or the . 

Mee wilh the angles ie any loeality af a bunt beam : nares safe- 
WwW Susiain a shear equer| J = height ef web , per hoviz 
vonlal dmear unik of the leach of beam. 
a Ei The slrenell of the riveling may he firnled ry the resist- 
ance of the viwel te being sheared (and Tas bres nh ace 

count its cross section) or wbon the erusghing resistance of the 
tide of the sivet Role iv the plate (and this tuwolves beth the di- 

— goeter of the viwet and the thickness of the fwetal in Hee apendies 
or angle). In its practice the M. I.Steel ond Tron Co. allow 7° 
per 4 Inch shearing stress in the vivet (wrong ht wor), ud 12600 Los 
per eg. luch compressive resistowe in the wide of the rivT-hole , the oy- 
4 hese sdetion of the hele being the ore o erence, 
a In Hie. 25g the rivets connectng the web with Hy whgtes owe by 
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eee —CFLEXURE. HEARING. #0. 
shear , whieh should be taken fete account in eungidering 

w shearing ctvength , whieh is then double; these connecting the 

kes aud the flauge plates are mn single sheer. In fig. 266 
{bux beam) where the beam is built of two webs, four angles, ancl 
Awe flange plates , all the rivets are in single shear. It the web 
plate is very “dew cio ccbatuiate peas Cour hr 
t tee forv fT rena ely anded tobe viveled upon thei laterally [see 

— EXAMPLE, A built F beam of wrought tron (see fia. 259)is 
ty euppett a uniforr ly distributed load of 40 tons, ils extrensities 
Pasting la 90 ect apart, and the height and thickness 
of we being 20 Ins. and pin. respectively. How shall the rivets, which 

ase 3 ive in diameter, be spaced, between the web and the angles whieh 
axe also 7 im.in thickness. Referring to fig. 235 we wd tect 
FH=ZW= tons ol each suport and diminished same te 2e- 
xo at the middle, where we weveting will These fore be required . (Units 
tuck avd pound). Near a subbort the riveting rust sustain for each 
nek of length ef beayn a shearing fovee f( > height of prety) i> 
40000 ~ 20 in, = 2000 bbs. Each rivet having a sectional 
area of 4 w(4? =O.60 sq.imehes can bear a safe shear of 

0.60 X75 00 = 45 G0 Ibs. in single sheer and .'. of 000 
lbs. ine double shear, whiehis the present ease. But the sa 

compressive resistance of the side of the rivet hole luerther te 
wel OY the ougle is only + tt. Xz in K12S 00 = 8476 Lbs. and 

then determines Hie shacing of the rivets as follows: 
2000 bas. —- $470 gives 0.30 os the namber of rivets 
inch of fength of beam Le. they mast be f+ 0.80 = 3.3 inches 
apart, centre tocentye, near the euphoria; 6.6 inches abart al 1 
op from & support 5 Neve ott alt en tre middle. 

However “the viveis should wot be shaced closer tian 2 > times 
ther diameter, wer further aport thaw 16 times the thickness of 
Hie ate they eenuect” is the rule of Hee NSC. 

z As for the vinels connecting tHe angles and flange plates , being 

ihe ae ae 
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amd opposite (in pairs) the sate shearing yess3 hance 
ofa pair (each in single shear) is 9000 lhs., while the safe com- 
pressive resistance of the sides of wtwo tiwet holes in the an- 
gle ixens (the flauge plate being nueh thicker) is =/0G40 ths, 
; Hence the former fiqure (qooo) divided inte 2000 Lbs., gives 

0.22 as the twumber of cone of yivels per inch of rok He 
bean; ie, te rivets in one row should be spaced 8.6 inches | 

apart , centre to centre ear & eupport; the inter val to be in 

 eveated in inverse ratio fo the distance tron the middle of 

Shan, (bearing in mind Hie proctteal linitation just qiven.) 
Tf the load is concentrated in tre middle of the eban, insterd 
of uniformly distributed, Its constant along each half ~s pon, 

ee fig. 284) and the rivet spacing must ascording|y be wade 
— thesanve at all locales of the bean. 

SPECIAL PROBLEMS IN FLEXURE. 
258. DESIGNING CROSS SECTIONS OF BUILT 

_ BEAMS. ‘The last paragraph dealt with te ructing of He 
various plodes; we now consider the desiquot the plates thar 
solves. Take for instance abuilt I-beam, fiq. 261.5 ong vertical 
pel gare Lrons (each of sectional area =A , remain- 

Ing after the gles are bunched , with a qrawity oxis parallel 
— te,and at adistance =a Syor ibs base), and twe lange plates 
of width = db, and thickness=£. Let the whole depth of give 
der=h,and the diameter of arivet tole=t. To safely resist 
the tensile oud “Gl Hat ive forces induced in this section by My 
biel lb. (My being the qvaatest moment le the beans which ts pris: 
motte) we niust have from § 239. R'T 

3 M = = (1) m> ~e 

RR for wrought ivon ={2000 Lbs. ber eg.inch, @ is =th, 
‘ while q ee emext of inertia of . igi oud section st s ob- 
tained as follows , taking into account the fact that te rivet holes 

cut oud, port of the vatertal. Inv dealing with the sections of the 
. amales and ae , We consider them concentrated at thew 

= = ew 
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a 258 . ; om CIAL os i centres of Yave (oie approximation of coutee) crc! treat their 
— meniculs f inertia abcul Nas single terms in the sertes 
_ jelF x? (see §85). The subtractive moments of inertio for = the vivet holes in tie web ave similarly ox pressed, 

SF fig fret aint at abt PR 
q Le for four angles = 4A ie -t- a}* 

5 Ly for two flaxges = 2(b eat tt hay" 

a the sum of which inakes He I of the givder . Eq.(t) vitay 

now be written ‘ . 

a : at 
g which fs available fev cam puting Gay ONE te known quantity. 

The quantikes concerned in I are so numerous and 4 
are eombined tn so complex amanner that in any jumercal 
 exdin ple tts best to adjust the dimensions of the section to 

cach other by successive assumphons omd trials. The sure 
of rivets need not vary ruch tu different eases, mor the. Hetck- 
ness of the web-plate, which as used by the NJLCo. Is “*rare- 
E ty less than a or twore than = sneh thick? The same Co, ve- 
commen use of asingle sixe of angle irons, viz. 
gq yx 3" at for built guders of heig hts ranging from 12 
te 36 inches, ond also -2 in. rivets, and gives tables computed 
becom eq, (2) for the proportionate strength of each portion of 
the compound section. 

% EXAMPLE | (Units, ruck and pound ). A built T- been 
with ond supports 5 of shan =20 Ht. = 240 inches, is +0 sub 

@ ¥ auwnifomnrly diatributed toad of 36 tons = 72000 Lbs. 
a ea lace ywets are used, angle trons s"xa" xt", vertie. 
— akweb 4” im thickness , and plates [inch thick for flan- 
ges, how wide (b=?) ust these flange - plates he ? taking 
— = 22 iwches = tolal hesgit of girder. 
Pe SOLUTION. From the table in $260 we find thal the 

a i _ 

Hem 2 

ona 

z 



ot Buy at ye he 1A ips 

“ai he! t Pe Rat Ae AEN Rome ne) 

sat ris Daeeet aha 1 P fake rane! 

ea 4% wey SRP ITY Syit tertdne nat ners 9
9) 

‘ 

As Peo eny von fe he sd dow nth He’ ass 

Ms d a Pe bey itt 

ne Pes 

z “eee 
vd ha tah A 

Vue 
A 3 

$00 peek petting arin ¥¥ 

ane eto O&, S90 y ity es ‘eons eyiiet ee 

eee att tart Pree (er xia ts wi 

ie 16 eHaiauioatit Dor Peat Ey 

reastMh tine #5 2 } 

mo ih eS heastt ee foat noon. Bek 

¢ heeds BL sisi p Html: ae oat Ay 

ak ) sibat ve et 1G 4, mary 
; m9 
5) toch ts eet a dire. ; 2 

t 

bh : aa Ae et 4 

Ey PRS ARIS , SAGE 

ised are eso 

naires: nen 

pk A 

VaR. TOR 4 

a Pee — wha bow B ay tery pore 

t ; Ye 5 ph 

1 Boer ‘ a ROY Rey ji 

4 Sina? {% eg} OI 1 We 

ACen delet = ae sedan 

mie 



a. FLEXURE Bout BEAMS, 83 ‘ 
~™M doy this case is g wl, where W = the tetal dig ss 

yuled oad Cin cluding the aot a the girder )and = shan, 
ace the left hand membey of ¢q. (2) reduces te 

owt ne _ 2000 K24O R22 _ 1FBO 

 (& oe ie teOEC 
, Tha 1, the tolal moment of ineva of the seclion mush be = 

.. biquad. inches , , of which the me and angles suabply a 

Henown amount , Synice be aie tx ee ae . a’ « } a 

i ee 4.0 49.1 nm. A= "0.9" > and Se Be ee are known, 

w hide the remamder must be furnished by the flanges, thas 

5 JeTerminin ther width b ; the unknown quant 
The afechve. aren, A » of th angle iron is found thus ; 

4 {ull sectional Are OL fe the $128 gwen, > as Tanks : 

a we i) 6%. inches, com which ee the fwo rivet holes 

- hove, A = 2.96~ 2a De 2.0 sqm. 

| The value a= 0.90" Is found te culling oul, the hia 
Two ang| es ee sheet Nrovt thus ; 

bind halanewnny it on a knife edge. Che ene 
4 an left by “a vivel holes may be rgmorect 

oul, Greal, error, in eae GH a). Hence , subshbding we have 

at yt web = st LXQ0~ QV: 318: a\ = 282.5 
ak 

* 
eevte 8G, 4 

a§ Yor Jour angles = mel Me x] 49. io)" = 662.5. 

a 4 1" Iwo flanges = 2(b-4 caeaps (104 = hL0 h (b-1.5 1.5) 

:. "1980 = =26 2.53 +662.5 +(b-t5)220.4 
whence 4 = AO+1.5 = 6.1 inches. 

| he reaulved. total width of each of the 1” lawae 

wight be increased to 6.5” soas Yo end the wni 
ve twe angles anol web. 
Per he civet spacing oan now be dasiqned by § 257, and the 
2 asuined thickness of web, 5", tested forthe max. total shear by 

nates. This 

ed witlth of- 
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ae ae BUILT | BEAMS. Ty 
56. The liter ie ait as aia: © The max. Shear fy 

: cure near ei {her support and = W = 36000 (bs. .', call 

| a f, the least allowable Tig of web in order te kee We 

4 ean lg tress as low as 4000 lbs. © sq. tych, 
ss & X20" X4000 = 36000 .'. 6, = 0.45 “ 
prox thot the assumed widih of fin. ie sate. 

ey ate qider will need vertical ttt eners near the evde,as 
ae subsequertity , and is understood to be supported nee 

ally. Built beans of double webs, or box- form , (see 404.260 Jato 
net akeal this lateral support. 

mo50, SET OF MOVING LOADS. When a lecomstive 
bos aeeo over anummber of parallel priswuatte girders, cach che of 
a ex perlenees certain delached songs corres ponding te 

. different wheels , by selecting an efimibe position of Hoe wheds 

a m the Shan, We may easily ects sat as es of the < sab ports, 

rave aie the sheer diagram, and finally as a § 24 3 ob. 
ts athe vox nomad, Ma, and the max. shear J Jum > for tids 

tiewlaw bosttlon of the wheels, But the values of M,,, aud 
y aoe other position may be chau hear those just 

. We therefore inquire which wit be the qraxtestynomail 
om the bfinite meanber of (Min)’3 3 (one for each pessible 

ition of He wheds on ihe span). Itis evidert from fig. 236, 
mw. the vatare of the montert diagram, that when +he press ureg 

a5 arc detached, the My, toy any posction of the loads, whieh 

ourse are tuvnls cose at fixed distances abaxt, must occur urder 
ot Fe toads { (i.e. under owed). We beg . by asking: 

V ual t te the postion of the set of moving loads when the mo- 
went under GIVER Wy heet ts qréater thor will occur umder that 

A iuoay otker position ? Foy exaiu ple, ia jit 262, ww hath 
ign of the loads fF, P2, ute. on He dig will te ie 

Yi ae 2, Beko. oe iia maxim as compared with tt value under 

eon other position on the span. Let R be the resultant of 
& is $ walsh oy OYe OW Ow Hue shan , ils vena le dis stance of Ph 

oe rat) oor. wigs oe . ay te ee 
Yao Nal ae, Ta Ws r + SS apr Lae St a ce cab: Ran ara os F 
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‘ee ve 

f red distances between Yhe load g ee For any values of 

Ve loading niowes through the rage of notion within which wo 

wel otiuses on it » We hove Ry = the moment tnder' 

=M,=R,[t- G-e'))- P,b-P,  (b +6) 

te. Mp2 (tx -x240'%)-Pyb -P. (bre) -----  G) 

Tn we be My as o function of k ,all the other gente bn 4 the ght howd member eee Con he aa the loading RL Ves 5k 

MAY vary front ¥ = OO to K=l-(¢4+b-a’). For amax. Ma, 
pat oe PR SO , be. 

E(- ~2% +0') =O .'. & (for max.M2) =$l +4 a 

(Far this, ov any other value of Rar M +d %7 is negative, hence 

ax axis indicated) For a imax. Bedlen R wiust be as jor lia 

ow. owe side of Hie vulddle of the spam as Pz is on the ether; ie. os 
the loodirag nioves, the moynent wider aqiver wheel bepeeues aTiaK, 

wien that wheel and te centre ot q yourty ef all the loads ten cs 
the spow are equidistart from the AR ok te vin. 
The His evay in any sranek case we may find the vea pective 

“ nloK se ments oceMr TENA under each of the wheels during Hie passa 
amd the great eat of these is the My to be used in the equation 
| Mya R ae tN va Loading . 
AS to Hee shear T, for agiven position of the wheels tnis 
; will he Bt at one oy the other support, ard equals the reaction 

at thet sapbort. Whea the lood inoves toward eather subport He 
- sheas at Hua oud of the bean evidentty increases so lowg os tae 

wheel coils eon pletely over aud beyond it, To fiud Trimax, re 
a Biealiin witheach support in wes we compute the successive ve~ 

actions at the support when the loacling ls susecesively so pron 
that consecutive wheels, im fun, Ore on Hee point of yollivig off 
“Sg guider ot Het end ; the greatest of these ts the max. shear, we 
As the Way, og ls apt to cone Biden the heaviest load ity 
ra ~ he neeessony to deal with wre than cue ov two wheels im fd 

wheel of Hee set under sabia goes otf the Span, and owen 

Deyiere yh. eee 
fe ae 
nS ar | aU ug 

— 
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FLEXURE. MOVING LOADS. 86 

PLE. ioe a fo lowing wheel scant 
AS - -§ as le: a Ce. Grae oe bi mm LY 

—& tons G& tons 6 tons - § tone 

u one vail which ts cmnuous over a.qinder of 20 fh shan, un- 
ci is lweo motive. 

Required ag position of the weultawt of A,B, and C: 
By " 1) Row “a, e awed Ds 

” ” ry is B,C, and D. 

Te what abd ot tire ais on Hie span will the msinertunder 

e amex. ? Dilto for wheeb GC. Required the values of theac 
aig nents ond eck is May ? 

: RESULTS. (1) 28° to vight of A. (2) i! fo tight of A. 

3.) 44° tovight of B. (4) Max. Mg = 1273000 inehals, 
oll tie wheels on; Mex. M, 1440000 inch-lhs. witk 

mheels 8,C,ard Don, (5) J, =13.6 tons at right support 
aiiths hex D éhuse to this subboyt, 
260. SINGLE ECCENTRIC LOAB. Th the following spe- 

dial doses of prismatic beans, poeuliar inthe distribution of the 
Cods , oF mode of of subpert, ar beth, the main cbjedts sought are the 

8 ‘ie the max. a Mins for use in the equati ov 

4 M,,=22 (see § 239); 
gid of Yhe Max. shear a me Prom which to design the welr and 

ting in the case of an T or box girder, The modes of sup port 
be duel that the reactions are inde bendent of Hee form axed 

rink of the eon, As usual, the tlexure | is to be slight, ond 
e forees are all ber penciioutax to the bean, 
2 te preseict proflem je that in fg, 263, the beam being pris- 

vat , Supported ot the ends, with aciwale eccentric load, P. We ad 
pod a dis regard the, weight of the beam tself. Let fie 3 as = Piericct consid oring the whote beans {ree we have 

he, — Plas -¢ aud R,= ris < “C 
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a compous.) =0 qives | 

’ Ro-J= 0. Le ie ie j 

while from Z Grom), =O we have | 

@ oR x-0 “oM=Rax =x 

These values of J and M hold good between O and C, J 
being constant, while M is proportional tox. Hence tor OC 

a the shear Atagram is a veetamgle and tee morment diagram o 

3 Sola By inspection the greatest M for OC ts for x =l,,and 
= Puls +l. This is the max. M for the bain ,sitece between C 
and B; M Is proportional to the distance or the section froin B. 
a ' M # Pls a hee ls ile. (1) 
a thn 7 Tiea, Sameten ee | 
is the equation for safe loading. 

— oa Ry iw ony section along CB and ts aprile im sign to 

whe HS om OC 5 0e., practically if a dove-tail joint existed aye 

q where on OC the portion sf the beam ow the right of sash section 

would slide downwards relatively fo the left hand portion ; but vite 
vera on CB. 

——s Evidently Hie maxshear Jy =R, or Ry, as ty orl, ts the qret- 
ex Seguuent. | 

Ets also evident Hat for agiven shan and given beam Hie sale 

y load P’, as com put ed frone ég, (i) above, becomes very large as 

the joiact of abplieation abbroaches a. support; this would notwal- 

ty be exbectvd, but jot without fimct, as the shoar for sections bet 
ween the Lead and the support is equal te the reaction at the near 
— aebpovk and may Hius eoo reach alimiting value, when te safe 
Hy of The web, or He spacing of He vives if any, is considered. 
a Secondly ,COns idaring the wetaht of the bear , em ui fonn, | 

ty dastvibuled loading, weighing W ths. per unt of leagth of beam, 
im addition to P, Fig. 264, we have tHe reactions : | 

Mile ; pee as WL Ws ee i, 
1) n 4 : % " ay 

Let l9 be > ty ; then tov a portion Ova of lengte KK ly me msents 
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2. URE. SPECIAL PROBLEMS. && 
al mm qive 

Pa ee A Se ti e tee + WX: ee =i 

; Pie. on oC; M = R,x -+ wx? gs Aaa le AA (2) 

4 - Evidertly for x=0 (ie at 0) M=0, ale it a (ine. af C) 
f we have, puttiig w=W-—l 

Te Mc =Ryly-3w why = Phe 4 “es WE.) 

oa rematna to be seen whether a value of 7 may of evist in Soine 

- section between O and C, (Le, for a value of x Li, nen.) sti 
gvedter Han Me. Since (2) ) gives Ni as aconBanons function ofx 

ween: O and BS ge aM = ox > =O, ane obtain, substi hating 

he vole of the constants Ry nal 
ie mor) Pl = a xy {for meet = Ee ht -0- (4) 

This must be ae M max. ance aM + dxt ia negative when 

y BAihs val we of x is substituted, Tf the particular value of x given 
. by (4) is<l, , the corresponding value of M (eati it My) foi 

: @® will oceur on OC ond will be qveaber r than Mg (Diagrams I 
4 a AGL show this ease): but if x, Isl, we are aot concen: 
Be att the corresponding value of Mi aud the areabest Mom 
oe wenld be Me. 

Fox Hee short portion BC, which has rmoment and shear dis 
grams of ifs own not cowl pica with Hans for OC, th mtay easily 
be shown thot Mg ie the aveatest ruonuent of ary siien Hetsce the 
Mo mex,or M_ . of the whole beam 45 either M, or M. 
Betcevding as A, is > or < ae This lalter critevion may 
be expressed Ahus a a yy denoled by ie , the dvs -- 

dance of iho from Ihe middle of the span |: 

t ‘ror ee (4) G ——- + > pee 2QuIve i or ar a 

ES 

a Since feo (4+) and 2) 
ok 

Pt, 4. W PL a | Ran, Wye, 4 | * ity 

ie # aA aa Bie ear Ff A 
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$260 FLEXURE, Speciar Paces, 84 
the equation {oy safe loading 1S es 

RI = M_ . when ae is rae a | Me 6 ke en, 
Vig its See e7s.(3)an5) 

when Ww s es for M. and “M : 

end 

i either FW, Perey L ig the unknown quamlity sought 

the cvilenon of (6) can not be applied and we o% use boil, 

equations in (6) ana the disenmmate belween the two resulls, 
| ae greatest sheay is de = R, 5 tes Fig 264 where = 

i, is a a ae 

261. TWO EQUAL TERMINAL LOADS. TWO SYM. — 
METRICAL, SUPPORTS, Fie 265.[ Same case asin fo. — 
no fe SQ ie Neglect weighl of beam. The reachenat 

gach support being = TP, ( from symmelry ), we have for a 

free bedy Om with x<l, ‘oh 
: Px- bh o¢ es M = Px (i); 

while where x dl, and <t+ eo 
Px-P(e-1,)-PE=0 .'.M=Pl - -- @) 

That is,see (i), M yories diveotly with x between O and C, while 
between ( and 8 itis eonetant. Nenee fev safe loading | 

ee = Mira Le. ost rt ab nbs Eons (33 

«ST he evnstraction of te momevt diagrams evicewt from e- 
—— quattows (!) ond (2) 

Be reAe for J, the shear, the same free bodies qive, from X (vert: 
fovees) =O, 

| On OC -----J =P (4) 

On +—=-- a = P-P =zex0 (5) r 

g and (45) might also be obtained from (t) and (2) by writing 

= AM +clx, but the former vnethod is to.be preferred im 
Wiis: cases giuce the latley requires M to be expressed as a fas 
How at x witite the Foy Wer ts applicable for ORAM EUG Se baray 
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‘$267 «ss FLEXURE. SPECIAL PROBS. 970 
sections without making Use Uf avariabte.) | 

~—6oTt the beam ts aw I- bean , the foot thot Sis xero any ~ 

where on OC wowld tdteate that we Yorba dds pence with a web 

along OC to unite the two Hamges; but the lower flange being 
Le compression and forming o* long coluvnn” would tend +0 husk- 

le out of o straight lime Sip tkaales by oweb connection velth 
the other, or some equitdlewt bmeing. 

262. UNIFORM LOAD OVER PART OF THE SPAR. 

TWO END SUPPORTS. Fig. 266. Let te load = W, ex- 
Teuding from oue support over a porous C, a the apan, (ou 
the lett, soy), so thet W= we, w. being the load per unit of 
length, Neg leet weight of héorm. For a free body Om of any fengih 

6K LOB (he Ge) a. mone, = O qiugs 

PE We Rxao MER K-M .-- () 
which holds good for awy section on OB, As for sections on 

AG iis wore simple to deal with He (a body mC, of length 
xe OB from which we have M=Ryx! -~ ~--~-- (2) 
whieh shows the moment curve for BC to be aetraight line DCS 
tengent at D to the parabola O'D cepresenting . (i) a theyre were 
o Concentrated vad at B, C'D would weet Ye nagént at D at 
an angle iushead of coinciding with it let the Ape show why, 
from the shear disaram,) | ie 

The shear for any value of x ow OB is: 
On0Ob.--~- J=R—wx (3) 

while on BC ~~~ ~ J=R,=constant ~~ ~ ~ (4) 
Tive shear diagram is constructed accordingly. 
Th find Hie position of the max ordinate of tHe parabola, 
(ax this from previous sfotenents concerning the tangent ot 
the poiut D must veeur on OB, as will be seen, and will. 
be the My, for the whole beam) we put S=0 in eq. (3) whence 

(for M rome ee. cae om on mar = TW i -=C~ 57 

awd is fees then a, as expected. Fhe walue of RaW $)H 
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26 2. FLEXURE.SPECAL PROBS. 9/_ 
=(we +1) (QQ- 8 (the whole beam free) has been substitu 

ted. This wolue of x substituted tn ov (!) gives : 
al 2 Jil 
My = (1-9 $)-4-We -. Bag li-$-4] we 
ts the equation fer safe loading. 

The mar. shea J, is found ot O and ts = R,, whieh 
— taenidently >Re, ot C. "263. UNIFORM LOAD OVER WHOLE LENGTH 
WITH TWO SYMMETRICAL SUPPORTS. Fig. 267. 

With the votatton expressed im tue fiqure, the following re- 
— -gutts may be obtoaned Having divided the texath of tee bean 

Unto three parte for separate trealwent og necessitated by the 
external forces Which are the distributed had OT aude tue 
; yeactions , each = > W. The oven’ CUTWE 13 HAGE wh of pats 

of three distinct porabolas, each with its axis vertical. The eeu- 
trol parabola. may sink below the hori xontal aris of reference 
tthe supports owe far emengh apart, in which case (see fig.) 
the elawke curve of the beam itself becomes concave upward 
between the poiuts E and F of “contrax flexure”. At each ¢ 
these points the anomert iwust be zemo ce the radius of cur 
 wechure (3 06 and M=ET vA (see $931) al avy section: thal 
Ws, oF these points the mowent curve crosses its horizontal axis. 
As to the [ocation and arnount of the max. moment M,, ln 
 apeeting the diagram we see-Hat it will be either at H! the 
— wmaiddle , ovat both of the supports Bi and C(which trom sym- 
q metry have equal AO A 7 

ap, W_[192_ 92 
ei ther Why -t | — = at H 

or Hy enn at Band 0 
— accirding to which is the greater tu dny given cases i.e, aecord- tng aa lis > or< Ve 
The shear close on the left of B=wl, while close tothe yvight of B th=fW-wil, | 

RI 
Min and Re 



<1 BNAL A IOHW 4Y¥6 GA! ‘ as 

‘i eae 3 PROTIVES SROLAT aNAY @ OM 

Bee A) ‘ e ae | oA a
e i Perez te 

a i 

Pp. PMY Ho a baa e! aut ino eat a vat. hotiptdy: nl 

Le) pss ati tg ie ea” Frnneheart STH Se Fic 

‘nt Sat baie AC Riek oer th aM} ath Agabt 

een Vs ae Dba ep bv Pear aitaes ont a Le ads 

aes i Poca ates eta a NID ¢ aolad hand ‘cei Re 

o ‘sn ere SH LA PENAL ATS UE SI yao] 3d Wh aie yore oath ee 
= 

| 4A sey gust soutien, TERS pains tht, S48 elo 

De + MEA SAREE SSL OD SA SLSR Ee aia eee od te oy Wath 

ae jaune a oP owtnt le pee a a 4 bi gon Y ehicend 3 

ee heh 8 ewes de Fee Vitwaigr +3 he wie HR, regs af 

Maen hat at ne cv ie a a a ee = My Papi 

& si t 4 ee hee + i os ee ya MY 2 * f, AHS 7 PRL he 7 i eta ad - 

| bi A as ed Gast pote Soe ea hoa ooo ae 

daoct Nae ead ia OAR eee EE Oak Spee tae he 

acl 

¥ 

* 

OYA ae eG Sei a eth he ¥y 



fA5 Bes 

ae i aS 

826 Sa. YES 2% URE, $PEcIAL PROBS. 72. ae 
Ray: Spa og ae 
PS Erie Jar 3 Ww- ae } Aacord i 4 be B.S ete Neg =z yee 

st 

constant breadth = 

of the bear, is hese 

—woder, fie = Om =depth of 

sil oa et a ane. 

= Se eee ae bo? 

OD le a e) ey 

Gua holds goed fiom xoo to x= v Prem 3 if det: forces) 

"264. HYDROSTATIC PRESSURE AGAINST A 
a oigraae PLANK. From clomctary hydro fis w 
Row that the pressure, 720+ wait area, ¢ 
Py aatnet He werftoal side 0 £ atank, varies ghee. with the debin, 

x, beluw the surface, and equate the weight ofa faris mt i 
weter whose altitude =x, and whose sectional ares is unit 

9g. 268. The plank i 5 of rechanguiay gross section, its 
-b. behig “DF to the palser , and yeoeives 10+ ale 

port except at ths two artremitfes O and B wel being le bevel yutth 

tre Wahw surface Te loading, oy bvetsure ber mn of longtie 

variable avd, by above definition , psawayKh, 
=welght of acmbic untt He the heaviness, see § Tet : 

ony seeHart in below the sur 
ao. The hydrostatic pressure on Ax=wealx. These presses 

for equal ebx’s Vary a tHe ordinates of atriongle OE,B. 

qu tescent water oe 

where 

Heider Ow free. Besides the elastio fovees of the ex- 
hosed section mi, the forces ashing ave the redction KR, , wed 
the lag ‘uGieade OEm, total of the latter ia 

=f wie = fom yb ------ 0 
aa the sum of the moments of there pressures about 
is equal +o Hiat of their resultant (= andl a sun, since they 

ane parallel Jabout ri, and .*. = b= .% 

Been ft) when x - ~L we have for tHe total ae, ES Stare OW 
ebeam W, = Land since ae thivd of Has will be 

home ot O it A Re, eek 
New putltug = (wom. abut the neutral axis of m)= 0, 

fer Ow re , we hove 

R, x Wy - Of Og Mey yh (Ux- ail 3) 
fr \ 
(< / 
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oh, Wa | hit ox) -~-) @) 
as vnlglt alse have been obtatioad hy dif reukiah oy since 

ew = ol M— dx . By putt =O is! AO, dor lary) we 
howe for 0 was. M, x=l+73 , which is less thanl aud 
—— ohewee ts abblieable +o the problem. Substitute +his in 
—— €g, 2 jomd reduse , and we ha 
a RI _M,, , te. ee a ee (4) 
4 ax the equation for safe loading 

EXAMPLE. Lf the room a the piairk os h 1 ener 
U4 Re ts taken = 1000 lbs. per sqin. fe her 

ee @ fet. For the inch~pound~secon ie units 
we Wwust substide R'= 1000; l= 72 inches ; = 0.036 Us. 

hex cubic inch (heaviness of water in this $y ser of units); 

— =O we have also Ge oy 

+t (4) we have 
me = 100)? _ _ 0.036 bX 72° «Wi S16 oh= 2.27 th. 
. IXth GAB 

mit ae be Eiived that since x for My, =l— 73 , and 
woh 21, M,, does not cecur in the section oposite ‘fhe re- 
4 llc} Hee water pressure ; ee fq. ee The shear cuxve 
a isa por aby lo. here 3 é4. (3), 

my 266, THE FOUR x-DERIVATIVES OF THE OR- 
meeerivare OF THE ELASTIC CURVE. If er 
tS the equation of the elastic curve Yay p wie 
— teaded beam, on which portion the Pe peat a 
the bear bs w = either xexo, (Fig. 234) OY= 3 
— -285), or = a conimuous fone (as im the last awe , 
p ra ee 08 Follons w= the x- cep erivative of the shasr. 
Fe an aud NW’ he two consecutive cross~seckions 
aE: hy omd {et the block between them, bear- 
;. =" a bertio: tg EX of adistributed load, be sisteldmid 
: Wie clastic forees consist of the ‘hwo stress -aoub lea ftensicup” 
nN 

‘= while I[=bh® + 12 , A7), ond get hs Hence fromm 
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EXURE.SPECIAL PROBS. 97% 
aud co iu pressions) and tre twe stears, J aud SJ -+d Jad 

being the shear-iucremet Chusequenmt ube x receiving Us 

fuerermuth olx, By putttra >. (vert. corn ponents =) wie 

hawe ) a 0 
J+dJd-wdx-T=0 Sowa 

Q.E.D, But J ttael{ 2AM +dx,(§ 240) and *)- 
M=[e*y ~- ax? |} ae ee By substitubon then, we free 
the followtng relations 

= func. (x)= ordinate at any point of the elastic curve (t) 
: =—t = slope de ews ne $y ui yet (2) 

pte. —_ M = ervdinate tte scale) of Hie woment curve (3) 
ee ey - ¢ the ovdinale (fh. seale) ‘ eg vt 
EL Ties = the shear, J = - the sheay diagram oe YF) 

, ei he =x We the at ant of Jength, of beane 3.) 

dx * =. ordigale (to seale) of a curve of loading aa 
ae 

+ Hyhen, the equation of the elastic curve (the neutral line 
Of the beara theelf; areality, aud not artificial tike the ath- 
—-& aurwes apoken of is givens we may by successive ee 

entiation, tor a prismatic and homogoncous heam 90 that 
both E L are constant, fire e other four quantities 

so qrentlened , 
As to the converse process, (i-c. faving given w asa 
7 function ot x #0 find sibpentt os aj ; mt awd 4 as fure- 

tions of 1) this ts more diftieadt, since in taking the x - 

so awti-derivetive cach Hime an mnkiown conctaut must be 
— added ond determined, The case just treated in §.264, 
 fowerer, effars avery simple dase ginee w le the sane fanc- 

Ron ot x ,along the wiwle beam ond there is ri 
put one elaste curve to be determined . 

We.*. beqin » wanbering backward, with 

oe 4... Jsiuce Wa bx See last & i 

ee fees] Oo) 





KURE. SPECIAL PROBS. 5 
an (aS ~ dx) i us — gine dS avd alx ai 

A ‘ah sigue] ay . 

oe (shear )ET —— dx3 = be + Const. : 

riting oxt tus equation for x=0 , €-for the bout O, " 

. the shear = R. we have Rp=0+Com?l. . Const =F, a 

- fence se 3 ae 
Chae a Ss =-yb2e +R, - ~--(hear) - - eae ; 

ain Prakino a % ~ ant -darystive of both sides. 

eet =) pray es Yay be +R, %. +(Coust. = SD pee (3 a 

D ,x=0 and sie oO. * Const.= ee Again, 

o ioe =-y be +R, 2 2 a 

At 0 0, where x20 , as talk =X, the unknown slope of the 
é 8 Re ite ot ‘oe heuee C' = EL oP 

a * (ET X slope) er oe =-\ be eRe tele, 4 Ga) 

Z.., now to ha AN Bog that ot O, beth 
Yand x are zero, 30 thet tae constart pif addled, would=xern, 
We obtain (inserting the vols 4 Ro frove last 8) 

he Be iy=-ybo = + yb 36 +ETo, moore Ca) 

ae of the clastic qurve. This hewaver, con titins te 
us cKivowi constant x, = the slope a O. Te deter wine a, 

4 ite ant og, . {ta} for the ens 8 {t4- 268, where x ts knew 

’ be equat to Li, and y to be = = ZENO y le for Xo , cad. bM~ 

pect ifs value both ima) and (22). Ts cot the powrtot 
mox, a (i.e. of qrecctest deflection) im the elastic eurye, write 
y Bebe, Ke. + lx, = LE¥d Jen 24, (2a)} aud solve toi x5 

four values will be ‘obtained , of whieh the one lying between C 
x. Ac il is chuiousty the ong ‘. CiaWew. This Walue & Fx sub- 

stihubed in Ga) wiil qive the sinex, detlect hon. The locoction ‘a 
eee deflection is ucither under ‘the coutye of action of 

es eo ln $1 a et . 
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_FLEAURE. SBECIAI PROBS. 6. 
3 i, nor ot the suctinn of wmax.mmoment &=L+¥3), 
{ties of the let} Haud wenbos of equations (1) +0 

d be carefully noted. £.g. in the itwh-porund se - 
Cond system of units we should have; 

Ly (a Rusar quantity) = Gomany} tnelies. 
ea rset} = {so THany ) ee 
J a Shear jie,force) = fo - ) pound 
Ww (force bes linear uxat)=(-~--- bia eagey if ee 

0 the quaxtities Ejand T jiudividualty F is pounds par sq. 4 
and T hes four Remco diynencions ic. (go reany) biguadratic a 

7. RESILIENCE OF BEAM WITH END SUPPORTS. 
/®. He ae waightis G be allowed +0 fall frouly i 
gh aheiqht=h upon the cextre of abeamn supberted at . 

ctremities , te pressase P fat by the bear increases 4 
n zero at He Hrstiustaxt of contact up toa maxinuin 

P, , os already stated iu $2936 , in which the equction 
| a , ae being sraadl compased with h, . 

ae eee (a) 
_ EJ : 

The , elastte toma (Ss a. yet passed . in ovder thet the 

Bes. scp wal Stress HA Gino cuber bre shall at gnosh he - ie mS 

—vetuc, (8 eertabie § 24} ) we ast pup <= RI. ~ Ay Ayal 

cota £5 eq. Q) 3 24, 4 i€. tix eguation la) peg a ene 
: is Fa =[4R'7 +ie . whieh gives 
Bay ae ve Re 12 Ry by 

hawinig put T=F kt (k being the radius ; ay dims 2) ‘ 
cd ¢ "F =V the yvoluone of the (pris wecttie} beam From ¢ | 
{Q) wie howe tie erergy Gk. (ir fi. lbs., ov aie | bs.) af the 
| “i si blow atits rbd is which the bean ef t {4 270 we th as ad 

7. om Ba , Wad diy OnE wou ac aces. Saar ey, pas. com? Putect Pepns 

y 

‘3 

Ape : b k : arn 
a ee coe ee A "7 A F . 

1 Ge Ap OL eae he! ee PD a a ge ay Co ’ : uly ane 

eee NA) of ae ae i etc: tat a Py Esbee, of IN SS “. Ty, (ie t Cannag  eP eore san 
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, ness of G& <hould not be sintall compared with thet uf 

mmcrqy of this safe impact , for twp beset oh S AIK THe- 

and simular ex03s -sections (similar, placed ts seen to be 

onal tp thes voluywes ; while if ce raore Hier oxoss. 
xs ave the seme and similarly pieced, the safe Gli ts pre- 
aol Fo their lengths. ( These em velations hold pes ab 

, a ‘ Bie the elastic —_ 

ELEXURE. SPECIAL PROBS. 97 

WRG in §245 for static ae (the nee wie aa 

£ coulve of the beam being then equal to Hee weight of es 
30 a); 3 for there the longer the hea (and .*. the span) the less 

tt toad, in iuuerse vatio. As appropriate in this actnection” 

. Bistien witl be given from “ The Strength of Materiols and 
Bicctures”, fy Siv John Andersen, London, 188% , viz: (p. (6) 
“Tt abbears trom “the published oxerinents oud sfate ments 

t tue Railay Conrmissioners , that «boa, 12H. bong will only 

a. 3 of the steady load that a beam 6 fhlong of the sang 
seodth and dep th will support, but that it will ve caer 

OQ) qunt suddenly applied as ur the case of a eal felling ub- 
i? , (from the same. heiglit , should be added), © or it the sare 

Bs, are used , the longer beam will net break by the weisht 
“ _ wpow it toa it falls ter Tough twice Hee distance requit- 

vou , to fractive Hee. mae bean 7 | 

E263. COMBINED FLEXURE AND TORSION. CRANK 

Ts. Fig. 27i. Let AB be the crank, and NA the por 
é a Projecting beyond the nearest bearing tes. Pi ta the pressure 

vt conuecting-vod against re ccank-pin at adefinile m- 

te uit, the votary yaotion being tuna form . Let a= the perpendi- 
uy or ‘a tobpad aes the axis O00, of the shaft por P and l= 

4 - eee of a, alowg the axis 00, , from ve oxéss section | 
Bh, of the shat, close to the beasing, Let WN Ube adia- 

he ter ww of this section avd parallel a du Considering the 

a Ot. NO, a a “2, asc 44 as: exes | the ter culey get oo Nm, 
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6268 FLEXURE . S°EclAL PROBS. 98 
4 we may assume that Hic stresses to be putin on the elemmuts of 
@ this surface ove the tenaions (above NN) aud som pressions (below 

. WNoud shears “1 to HN', due to He bending action ot Pyand 
te shearing shres tangent tothe civeles which have O OS 0 com 

Mon Contre aud poss tireugh the respecte AFTS or elem- 
—ottexy args , these latter stresses being dase to the twisthig 

—— aetHon of P, 

| Tru the former set of- elastic foross let p= the tensile sinss 

pes unit of area in the stall porallelopiped teat: elernent m of the 
heix which is farthest from NNT (the neutral axis) and [= the 

morment of inertia of Hie ercle about NN’; Har taking moments 
ahout NN’ for the free hody (dis regarding the motion) we hove as 
iw eases of flecuve (See $23@) 

BE = Pl; ie. p= oe ie es tO 

‘Thone of the shears fas o moment about nn‘ Next taking so- 
ments about OO, , {the flexure elastte forces, both wormal axd 

—— ghearing , having wo momeits about 00.) we have as th torsion 
dy I : i Pie . 
= f? mate Pa ; &€., Ps i. Leg iy ea aigel lees a eee | (b.) 

ia whieh , ts the sheaving stress pec umit of area, in the tor- 

 -stonal elastic forees, on ang outer russt olf ,o8 of mn 5 and Ty, 
Kee polar moment of tuertia of the eivele about ifs centre 0. 

Next consider free, in fig. 272, asmall parallelopiped taken frm 
the helix af mm (of fig. a7i}. The stresses [seo 209] acting 

om the four faces I to the paper in fig. 272 are there vepro-— 
2 sented , te dimensions (inetinitesivnal) being n il to MN’, 6 

ttt 00,, anda FT Wb the paper in fig.272, By attering 
the ratio of h fon wwe may wake the angle 6 what we blowse. 

This wow proposed to cousider free the triangular prism GAT, 
at -_ the trtensity of normal stress ¢. per unit of axea, 
ou the diagonal plone GH, (of lent = & which is a bounding 
fase of that triangulor prism, See fig. 273. By writing St 
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EC Ccenpons i aan pan normal b G H)= 0 ,we shall have, 

y qe d= = prd sun . +P, bed sin 8 + Ps! nei cos Qa; and 

f:, for 4 

of 4q= ‘key sin 0 + Pe | Bsn +2. es 6]; -----(0) 

Md nie © int and bic = cos 8 ra 

= bsin”O + P, Sam bens On (2:5 

<n Ma be whiten ( see eqs. 63 aud 60, OWS: 

Freonomelyy ) : 
q= ro cos 26) + pe oun 2s i oe 3) 

4 AS the diag onal plane GH ws tak en’ te Ad f erent posihans 

eee. as 6 varses), Hus Rnsile shress q C dbs. per S7.im. 
yer instance ) also varies , being a function of @, aud ils 
— Max, value may he a P. To find 6 fer ¢ eg we 

Bt dy 
7 aes. vd 
and oblam: | Jan | 2 Ce for ¢ wa i di oo 

“Call thes value of O, &", Suse Yon 20° is menette. 28° lies a- 
ther | in the seeend or fourth quadrant , dad ee 

Me ee and cos 26'=-F = t—.-- (6) 
. Ae +4 p> Apt +4 py . 
sec eguations 28 ond 29 Tig onoinetry , 0. wJ. | The wbber 
aligns refer to the second quadrant, the lower to the fourth. 
Tihwe vow differentiate As, Mein in 
=) al*¢ ) [ays SE = Apes 26 - Ze fo. sin 2E UNE i We 

we yote that it the aime and cosine of the be ‘Lot the he ond 
9 faut ‘[Appee BLgus in(Q)] OxNe substiuled i it {7} EN result 
ts negative, tndioating CANARIA ; that LS. q is a FMOK usr 

ep B= the O et Qq. { } view tie up pe ex sighs are taken (ano 

: 
a 

ve r sin 4 6 + 2p, cos 265 0....(4) 

ee NN, 

- ad ; i nt 
) aoe) x «i we | 

Ce A ko ae oS Ue a 

ae. 
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___ FLEXURE. CRANK SHAFT. _/00 
rt To fiud q max., fhen pat @' for 8 w (3) sub- 

. a ad — Se ‘We thus {ind 

Jer walt yi qs max. , 8. the man. an ay wit fa 

et. Amy of nye se posions &9 é yarecs, Thes THK. 

: : ariieg stress 3 |: ee 

Bie qs AK = 4 pte eee > &e @ we. + (7) 

; ie the dlement an, abb osile a em an Fe. -2alyP p 

48 compression instead af Tewnons g mow wall alse be se 
 "Pregsion “beh ES hammencally the: Satwe oe fhe q man. of e¢.& 

EXAMPLE. In Fi, 271 suppose Pe 2tuse $000 
bs, a2 Gin, Le Sim, and that the shaft is fat 
tren, Requived ts vedlan s Het enue. [cen or Com 
q reson way vol exgeed R= |2av00 hs, per. 59.4 23 nar the 
max, atheacr =i erected Se YJOou * @ es Thels 

q ” q= 2008 i" ea. (8) aud selwe for ¥; also put ¢,=7000 

| - From equatans (2) and (5) ret b axe (see BS 
rT, 

19 ond oe 

ag pet pam de cee Pe 
ie poe Ps = oe 
3 “which im (8) ay vs qlee 
— ae FERER 6G = es 4 ea Ealal # fiaiy Fy Ah2ay|- (Ba) 

and KG cons aia +agay ~ - --(9o) 

Jan) given, (units , ineh and bound) we lave from (a), ron /2 
cubic inches oo th. 3g cuckes 

& e) es =3.84 eub.iuches .. r =4%! inches 

The latter value of vr, Lil inches, shoud be adopted. 

eabelrray JO 
ahide dey agiven and Pe cxasts on the deagenal blanc 

tu@ aud solve - ¥. The soi iglase . shoutd be tnken, 

“With wax. 9 = 12000, and the values of P,a, andl, alnd- 

Net with mex. ‘Ge = 2000; P a, and as before; from — 
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AS - 
MOE ONE, 

. 

Cy EXURE CRANK SHAFT. for 

io a. su pbesed Houat tie Ae “ba nh ist sueh @ poocakion 

en P= 4000 ibs. and a= Gin.) that ¢ imax. fand 4, 
Lax) are greater thai fer ara other poachion ; a member of 

 Whals mey be neseesary +o decide tis, since P twd. a are 

dL ff erent with cach wew position of the counecting-rod. 
‘Tf the shoft and its eoniecH ons ave exposed to shoeks je’ 
ge S' should be taken much ematler . 

oa PU. ANOTHER EXAMPLE of combiwed toYsion aud 

 flocwwe isshown tu fia. 274. The work of the working 
 faree P (verteal cog een is exbendad in over coming the 
E teale bce (austher vertical coq- pressure) & . 
«That is, the vigid bedy consistiug of the two wheels and 

Bias ts em ploy od to transmit power, af Runs tor'ne argular vel 
ety, aud sinee it ts symmetrical absut its axts of rotation the 

forces acting cuit, see kileoed C2 y form 6. balanced suystenc. (See 

—«-Bt) Henee given P and the varlous goomelvical quantities 
a,b, efe-, we miay obtain @,, and the veactisus P, ond Fy, 
es te terms of PL. The greabest momet o flexure tv tee shat 
will be either BL, at C3 06 Po l,, of D. The portion CD is 
wader forsion ,of amomert o Petes = ‘Pa, = > @,b,. Hence we 
proceed a9 ix exam plo of $264, simply putting 21, 
E ( a rl, whichever is the qreater ) iu place of Pl and Pa, 
es é Pa. We hove here sarang Ahe weight of tthe shat 
ad wheele. TE Q, were an upward wertical force aud nesses 

some cide ofthe sha{t as FH, the reactions P, and Py would 
ww 

t Bic less them before, and one oF ‘both ef them might te here 

: - diveetion . 
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27 _ FLEXURE. CONTINUOUS @IRDERS.  /02 
_ purbeses, may be defined to be atoaded strait bean supported 
tw more them two pomfs tn whichesse we can ito longer,as 

heretofore , determine the reactions at tHe supports -from staple 

 Stattes alone, but must have vecoune +o the equations of. 
the several elasHe cures formed by its neutral line -whicl 
eget ons tavolvg - directy or indixedth the reactions sougit; 
is the lat ex VACA, how be anda as bt ney were cons tuts of a~ 

tegration. Practically this amownts to eaying thet She reactions 
a deena ow the warmer im which the ban bends s whereas in prev 

a Lous cases, with only two Supports, the reactions wore indepencert 
5 ot the fernts of the eloatic curves (the fiexure being piel iete 

“Ason JLLUSTRATION, Hf the straight beain of fiq. 274 is blac 

ed ou tivee supports 0, Brandl, at the same level, the reactions 
oh these sublorte seen. ot Hret at tudaterminate. for on con 
- sid uring the aol Rear “by we ios ee AA % sans : 

amd ouly two equations, yix: 5 (vert, combos) =O and S (iuoins, 
about some haoint ) =0. If wow B be qrodualty lowered, it re- 

ss Geives less ancl less pressure, wetil tt finally reaches a position 
oo wheve Hite beam te touches itrand phen B's reaction is zem 

a¥ 

‘ 4 

Ce 

ae 

— nd Daud sa the Peowwas if B were not tere. As bo 

Rew low Bust sik to affoim this position, depends on thu 
 stttiness amd load ef the beon. Again , if B be mised absve 

tae lewel of O and C it receives qreater and qreater pressure, 
ota the beam fails to touch one of the other supports. Stillax- 

Ger oousiderction, ts tat it the beam, were tapering tm foryn, 

Being atiftest at B, omd poited oF Ooud at C, the three reac- 

Hous would be different trom what Hiey would be cf the beam 

were prismatic, Tt is therefore evident that for move toh two 

 subports Hie volues of the reactions depend on the velative 
__ heights of the saphorts aud upon the form aid elasticity #( tee 
beara, The cdreumetuse thet the beam ts made continuous 
over the supbert B,iustead of bei ng ei apart at B inte two 
so hud cucterct teams cach covering its own span and haw ing 
sth own two aepperts » shows the siquiticauce of the Tern “gor 
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8 _FLEXURE.CONTINUOUS GIRDERS. /03 
iuuous girder”, The case th Fig, a7 is oe that ofa 
i 

hte closed. 

All the cases here considered will be comparatively simple, 

frowe Hee symmedyy of they conditions. The bears will all be 
bctarnakte, awd all external forces (fe. loads outa reastions ) per pen- 
icular tothe beam and im the samme plane. All supboris atthe 

; “SAME LEVEL. 
Deve. | WO EQUAL SPANS , TWO CONCENTRATED 

| LOADS, ONE (IN THE MIDDLE OF EACH SPAN, PRis- 
MATIC BEAM. Fig. — Let each half-span= al. Neglect 
the weight of Hie bean. wired the reactions of the. three sup 
po oct. chi than Pe, P, care . From symminehy Py = , and te 
4 Aig ant te the elastic euwrve a O is horizontal; and sinee the 

supports are on o level the deflection of ¢ (acid B) below O's 
fowgent isxero. The sebarate elastic curves OD and DC have 
a -tommmen slope and a common ordinate ot D. 
For the EQUATION OF OD, make a section 1 anywhere 

b between O ad D, considertng aye afree body, Fig. 276, with 
gin acl axes - fore dicated. From = (vwoms. about wex- 

We exis ofn)=O we have (see § 231) 
° 2 

q BI gt-PG -x)-P,(l-x) ~- ----(i) 

q i ET © —~-P ede P(x 45) +(C=0) -- (2) 

The is he of © both x, and, ay + olxy=0, 
Taking Here x-~ eure ssativetiye c (2) we have 

| “ 3 
gly PUG) - BE 5] -- 

exe again He constant - zero since at xand y beth=0, 
By is Hee equation of OD, and allows wo value rey or>h 
Eb contains the wn Kuown bovee Kis 
Fox the EQUATION OF DC, let the variable section 1 
ede avy where het ween D dnet C Ande kave (Fg Ade 

wy mow Tonge between z and id 
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| __ FLEXURE. continuous GIRDERS. /04 y. 
, i = mae Pe es SCAR el Vaart ths tree (4) . a 

mo  &€I rl 0 | (sy 
ee Bective c. put x = - both in (S)‘ and (2), ancl e- ey | 

4 uate the results Hee two curves have a cormion tancqeit i 

live at D) whence =F Pr > 

& A ae A 4 = Pt —-F. a ean an (5) | 

Hence = Ely = Ptx-P-] +0" --- oy 
3 a D the curves a the same yy ee but x = iv the 

right hand yuember a ot (3) and (6), equating results, and 
we derive Crd PP? 4 
ae ue 2 as \3 | 

Bahich i is the equatt ot ow Be, ae ce the wnkwwown veas- 
ti om Pe. To determine PR, we employ the {act thet O's tan. 
qeat parses through C , (Supports On Sane Jand heneg 
¥ when x col lu (6), 1s Known to be zero. Making these sub - 

| Htctlons | in (6) we have 

3 ee a a ean ee a 
Fi om syhit Sy We also _£p, whele i sn = 42 a 

simoe mt t = 2p oodSle b bean free) [Note . qt ea sup 
ports Pacer “ict on o level, but cf (for iushanee ) the nikdate sup- 
bovt 0 were a amall ee h,, below the level line Joining 

the others , we should. Pal Kel ond nt “hy tv cael ancl 
thus obtadn ut =P, =8-P+3er% re whieh defends ov 

Hie. material a =f of the prismatic” beam and upon the 
zu ro one span , ee with euphorts all af ee adetel» 
2° A =32-P i) inde bemdent of the material and 

: cans So loug aa i te hovwogemeous dnd pris 25 HP, 
‘< uN shteh would thagys = 4. 4. P - 6-1 (he Le | Py is aaa tohe 

pagative, it shews that © requires aaubport trom apove, bite 

iy < i ~ 

+? 2a oh a ee 
phe! it, se c 
te Vy oy bi 
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*B272 SLEXURE.cONTINUOUS GIRDERS. 108 
: stead of betow, to cause it to oceupy o position h, below tite 
otter supports ; (re. the beam must be “latehed down” at 0] 
The wvoment di 4, of this case can now be easily — 
— Constreted ; Fig,277, For any free body nC, 1 lying in 
~—Ood*DC,—, we have ti | 

Meaty Px , | 
be. varies directly asx, until x passes D when, for any 

point en DO, © 
— ee. 

M=-8 Px -P(x~4) | 
— whichts =O, (point of teflecion of elastic eurve) for xn El 

(note that x ts measured from Clan thie figure) aud atd, 
where w=l , becomes ~2. Pl 

as Oe . ee 2 pa. ey My -gy Pl, Ma=o5 My=35 Pls dnd Mg = O 

Hee, stuce M mon = £ Pl He equation for safe load- 

bg is | RI, &. ie | IA AE Seaech 

: | a i Sp ie The sivar a awywhere on CD = »while onDO — 
at =4eP iu the opposite altrection ‘a 

ae Jn=teP-. - ern oe B) 
The vioment aud shear diagrams are easily constructed, 
— oashown in Fig. 277, the former being syremetrical about 
~avwerteal line through O, the latter about the polit O" 
Both owe bounded i right lines. 
— «6273. TWO EQUAL SPANS. UNIFORMLY DISTRIB- 
UTED LOAD OVER WHOLE LENGTH. PRISMATIC 
BEAM. Fig. 278. Supports B,0,C, on alevel. Total 
toad = QW =2wl and tray inelude thet of the beam; 7 is 
— constart . As before from syinmedry Py=R , the uukwown 
— Yeactions at the extremities. 

Let On =x 3 then with #C free , 2 moms.about n= 0 qlves 
a a. : 

EI ony = w(l-x) po -R (t-x) =e [Y-2kx +x4}-R(t-») (1) 
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| $275 FLEXURE. conTINuous GiRDERS./O6 
> a. a 2 
er a et foe fix] + [oust =0)--- (2) 
 [Const=0 for at O both dy+clx the slope, aud x, ore=0 | 

El y= Mbt Sate bot epee ocd) 
4 Const: =O for at O both x and y are =o] oe (1), (2, 
awed (3) acrnuit of any value ef x from O tod, he. hold ee 
good for oaty boit of the elastic surve OC, the loading on 

whieh follows acontinuous law (vi: w>coustant) Butwhe 
x=l,ic. at C, yds Known fo be equal fo zero, since C 
and Carve on the aris of X,(tomgeut at O), With these 
values of x “he y i ag. (3) we have 

Ww le 
ary sere Lbs ‘ se == wl =2W 

. B=ZW and B=2W-2R =“ W 
The MOMENT AND SHEAR DIAGRAMS ean row 

be formed cince all tHe erternal forces ave Known, Dr 
Fig. 2749 measure from C . Then in any sectten n the 
moment of tHe “shess~couble” is es | 

M=2 Wx ae aM 6 

——wlttah holds agod forany value of x on CO,ie from *=0 
a ae By wuspection ib ts geen that for x=0,M=0; 

ccd also fox aes a ,Meo, at the inflect on pouct G, cy 
obeyed which toward 0, the wh per fibres are tu tension the 

Lower in compression , whereas between C amd G they are 
ulce versa. Foy x =l,we have themomant at 0, | 

sles My == ew ie = z Wl : As to the veatest wroment 10 be 

found on CG , put Aa 2dw=o and solve toy x. -This | 

me 3 ae . 
ig: = Ww =) ws fx for Mmax]= 2 

whieh in eq. (1) gives 

My (atNsee fiquie) =+ dW 
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jg Be this wumerically less Hian My (=-7 Wl) 

hence The equation for sate loading ts 

VS GIRDERS. 

“e7FWl----- - 
4 Bae Saint as it te bean were cut through at 0, each half, 

te t, retaining the some lead as before [see $242 Ea 

“ (2) ) Heuce making the girder continuous over Hee yid- 
@ subpport dees not make itany etrmnger wider BK forme 

ly distriloated load; but itdee make it cowiderably stiffer, 
As - Hie shear, JS, we obtain it for any secttor by 

takinre x~deriwative oe tn 04, (1), or by putting > 
(vertical forces) =O for the free body nC, and Hus hove 
hor amy section on CO 

J == W-wx 

: = 5 3 ZEVG fev acts (where M reaches tts coloulus raxi- 

WATE : gee above) and for xzl tt =-2W wu {ti el 

is numerically greater than 2. W its value at C. Hence 
| meow - sD PRE mA 

The moment ourve is a parabola (asepayate one for each 
y apon), the shear curve a stratokt tne, luclined to Hie hori- 

zontal, fer each shan, : 

PROBLEM. How would the veaehons in fig, 276 he 
chauged if thesubport O were lowered ofmall) dis farce 

h, below the level of tie other two ? 
(274. PRISMATIC BEAM FIXED HORIZONTAL- 

LY AT BOTH ENDS (AT SAME LEVEL). SINGLE 
LOAB AT MIDDLE. Fig. 230 [As usual the beam is 

understood fp be homogeneous so Hat E ts the same at ail 
_ secHous] The building ln jor fixing, of the two ends is 

— aubpesed to he of such auature as to cause wo horizontal 

cousbrairtt; ie., tHe beam does notoact as a cord or chain, 
in ony Manner, and hence the sunt of the horizontal com- 

 pewacts ef the stresses iu any section 14 z¢r0,05 nal 
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S27 FLEXURE.contiNuous GIRpEeRs. /08 = | 
ua breceding cases of fleruve . Tit otter words the neutral axts r. 

——s still contains Hie centre of qrawity ef theseetion and the ten- 

ss stotts aud eompreselons are equivalent fo a couple (the stres- 
—— couble) whose moment is the"moment of tlemre”. 

, Th the beam is conceived out trough close fo botle wall-e 
BP bee and this portion ,of length = 1, cousiderad tree, the forces 

holding it in equibibrimm consist of the downward toree P (the 
baad); two npword shears J, aud J, (one ateach section); and 

two “stress~ couples” one in each section , whose rnoments ara 
M, oud M,. From sywmmety we know that J, =JQ , aud thet | 
Mo=M.. From ae Ge for the free body just mewhoned, (but 

mot shown tu Hee figure), and frome symmetry, we have Js St 

aud J=a7P; but to ddermine M, aud M,, the fovin ofthe 
elastic curves OB aud BC must be taken into accourt,as follows: 

EQUATION OF OB. Fiq. 280. & [mom. about neutral axis of 
any section non OB) =0 (forthe free body n& which has 0 
section exposed of eagheud, 1 being the voviable section) will 
give s eee i | 

Bee PG M.- 5 PQ) ----- Cae 
2 INOTE. In fonning this mement cquation, notice Hutt M. iste a 

Sum of tee wamerts of te tensions and compression s at & 

aheut the neutral axis atn ; just as much as abant the neutral 

axis of C 5 for those tensions and compressions ave oquivalext 
¥ acouple, cmd hemec- Ye sum of Heir moyants Ys Hie sane 

taker alarud ony axis whoitever “1 fo the plane of the comple 
(832). 
a Taking the x ~auti-de rivative of each member of (1), 

EI $4 = P(htx—fx2)+M x-$P (lx-dx2) - ~~ - &) 
The eowstant is wot add cd as it ls zero. Now from Sy in nebry 

WE Kivu Vaat the taugentline to Hiecuwe OB at B is horize 
, orkad ic. , fox x=4 dy TAr=0, and these walues in C4p. 

oe te ae ee eS eS Se ee 

a est 
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LEXURE . CONTINUOUS GIRDERS. (0G 
@ give us 7 ; 

O=ZPP+EMI-Zz PU ; whence M=M,=$Pl -- - @). 
SAFE LOA DING. Fig. 281. Having wow all the forces which el 

as exterral qorogs iw straining the heam OC, we are ready . 

to dou the moment dlagram and tind M,,. For conveniaice - 
measure x from C . For cep ita a nl we have {sce e at 

$Px-M,+PL=0 Ms LPL-LPx oo eae 

Eq. a) holds pee for any section on es By putting x =0 we 

F. : have M=M an PL; toy off HC'= M, to scale (0 pera, tach- 

= hounds moment to a inch ef babes). At B, tor x=% pe M= BP, 

4 henee toy otf BD =tPl on the opposite ah of the vs O we 

DA. DK, pa patie with DH about BD, | 

— a So ee ae = ae ae 

s< ” ee a2 

Be. from He, ond join D 

Hence tHre beam is ren as inp aa as it simply supported 

at Hee ends) undor this Load ; it mon also be proved to be four 
times as ti fe. | 

The ploixts of tntlestion of tre elastic curve. ‘are in the mid 
Ales . He half -sfoms , are Hie mex.shear ts 

ee i ha Pty ade 

2/5. PRISMATIC. BEAN RIXED HORIZON TALLY AT 
BOTH ENDS [ATSAME LEVEL]. UNIFORMLY DISTRIB 
UTED LOAD OVER THE WHOLE LENGTH. Fig. 282. 

Asin the Eprpoeding problem , we kuow trom symmetry that 

os 5 =J, oT g W= eid and that M,=M,, and determine the 

% ett quantities by the equation sf the curve OC , Here being 
4 beat one curve in the pres ont instanoc, instead of two, as there 
is wo chawge in the law of loading betwee th Oand ©. With 
pind free , x (mom.,.) =0 qives 

FI ae =3 Wx-M, cp hea eeh: 



Pye F 
dl cf . 

pay, id naan tae 

oy Me iM sonaden yg $i des se 

Ps abet aires ie) he THE ha ie AGS ph * . 

hms Gs PWS ee Ho. Ae pup bert ay Lae 

fey eo dee gh eee ee ro frrsstto nt lk 

ie f yt “an ey Y 9 oe “rt
 8 galt Pe ae pete ip 

eon bo Mh eee 8 

Gkod 
ie Mnien tg 

 eethe on 

ees 
‘ eet; 

Sts qo 

MDT a] yet ba a i)  goithee eis ret re 

| > ah 3a LB he ahh mes ae : oy 

>. oes “ is ha 

14a ae okt o sas afi pee it ie ore d ‘a ite 
Sige ; bea Hl Hige THe aie aa Ny ye Re SBALCR ih. MUR 

wale ag Ed ROTA Ga ea i AM ly a ae bila) deat alt i 1S 
a ee al ee Bed | « ee ty : 

He i 

; Sig BD a} Spe ? af et, b Ra wet a puey 1a
 +e v! sha 2 

. a . Ve 

paorts eS eee é fumes wit i 
yg ‘ Fe phe FR is { be fi my | va 7 As t 

eat} . i i . Bis de ot hele 

. Y a) 

3 : 7 1 fyi +, 0 ; ¥ { ‘ t & we + } _’ 

Re ni WtoveLl 416 HWE BACT ASE te 
in ea Pra ok bat ofa 

AG | Pere nf pet De AER ain A: tush BAR Peay jos Si 

i 4 tart aa sth ¥ weil N 
whys 

i a” 7 
Ree ers) fi 

x had meee ke Pots pe oe HUD ihe. rery we ‘no ee eg | 

gant * J 

| ) 

tet: Se nts a pay @ =p cal ny Pumad 20 

Wea cad an i ee ; Cet, a } a © 
} | 

ra ae Se the # ten, oa a : #23 aN? ris FTE ale rire 

te 

‘ er | ; ae eins ae pastor) a eae n 



 -§275_ FLEXURE. conTINUous @IRDERS. 10 
and «' 1 St = pW mx- Ie =o] RANA Sr (2) 

2 a tougent tine at O being horizontal we have for x =0, 
ai =o, “C=O, Bat since the tangent live at C ts also neriz- 
outal ,we may for x=l pub dy tdx-0, and obtain 

O=L WE -Ml-Zwl?; whence Mo= i Wt --~ (3) 
as tHe moment of the stress-couple clese to the wall at 0, ond 

Pak. 

Herce, Fig. 283 , the psitigs of the moment curve (a. single 
continuous curve iu thie case) is ey by putting & (nom, )-0 
ot body nO ot length x, tous ed ah 

, Pl +1 WM, ~ Se Oo 

+ $8, = mW Ss +> Wx a (4) 

$9 te +f of the second iwdicating enue Bt O 

M = iy thease, FW2; at B by putting x= 50 in (4), we 
howe M,=-2:W1, which is ome MM. litbebhe Me tg the 

—— Caheulus mar. (nagatives betes tie be shown by writing the 
_ exbrestion for the shear = iw- wx) equal to rare , ote. 

| Hence M,,, =. Wi and the His Cul ancien 
Rt are ---~ @) 

| Ra ~~ fad 

— Siuee (with tis form loading) if the Loe were wot Duilt 

tw but simply rested onto ond supports the equation for safe 
 foading would be [R/T +e] = zw {xe 6242), ibis ovtdont 

that with the preset rede of support itis SD per cent. stronget 
as compared with the other jhe. as reqaxds wormol strestes in 
the outer clemevts. As regard sheaxtg shosses inthe web if 
ik has cue itis no stronger since JL, = aW i im both soses, 

Aes te shiffuess under the paioes. eo » he seca detlee~ 

then in the present case may be shown to i only = = ce thet 

tu. Hee case of the simple cud supports. } 

This netewerthy that the shear diagiam tn Fiq.283 is ideb 
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A load; while tre moment diogmims differ os follows: The pare 
bela KBA : Fig.288, ts idertical with Heat in Fiq. 255, but 

the howzontal axis trom which the ordinates of. Hee forrner are 

measured , iushead of joining the oxtremitics of the curve, cuts 
itin such away as trove equal areas betwee tt and the oune, 

on sppoute sides; 
ie. oxeas [RCH +46'0'| = area HOB! 

Te otha words , the offect of firing Yhe ends horixowtally is to 
shift the moment porabolo upward a distance = M, (to seale), 

| ao we » with regard to ifs axis of veterence. 
276. REMA KS. The foregoing very simple cases of eoutiun- 

ous girders illustrate the-méans employed for determining the reac- 

tiows of supports aud eveatually Hie max. moment arid the e- 
quetious tor safe loading and for de Hlections . When there ove 

more than Yaree sapborts ,with spars of unequal length ana 
nadine of oacy des cribtion , the analyars landing tp the akove ve 
sults is wach more comtblicated ad tedious , but is considerably 
timplied and systandlixed by Yhe use of the remarkable 
THEOREM 6F THREE MOMENTS, the discovery of Clapeyron. 

te (B87. By Has theorem ,qiven the spans, the leadtig, and 

a Une relative vertebl heights of +e supports ,weare enabled te 

4 write oul avelatien between His insurents of each thyee comsee 

hice Supports and thus cbtein a suf fidat wianber of onuations 
to deternaue the mornents atail tke supports [p. 64) Ronkiv's 
— ARiplicd Mechanics] Frow these mo mats te shkears close to each 
Side of each supbort are found , then te reattions, ard from 
Here ad the given loads {he sroment .gt auy seckion can be 

 daternined ; and henee finally the Max qwornent M,, amd the 
max. shear JL. 

This theerem aud its application are cert paratively simple 
by graphic methods ,axd their bresextation is therefore deterred, 
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8277 FLEXURE. weN-PRISMATIC BEAMS. S/2 
THE DANGEROUS SECTION IN | ; 
. | NON~PRISMATIC BEAMS. 
Be 277. REMARKS. By “ dangerous segtion” is meant that sec 
tien (ea given beam sander given loading with given mode of sub- 
peri) where the wormul stress im the puter fibre, at distanee @ 

Acomits yeutrad ee oop pel inthe cuter qvbre ot any ohh~ 

er eection, Hewec the elasticity of thematertal will first be in 
halved in the outer fibre of Hus section , if the (sad is qredinaliy 

 mereased in camouurt (batwot altered in distibtion’. | 
> In alt preceding protlens, the heam keting prisinatic, I, the 
moment of teria , C were the sane incall seetious, fence 
when the equetion er = M[§23g] was solved {or ps aiving 

Pi 
- we ft ot tat 4) wos & war. = is ce seehion wha 

ay ee n, since P var}: a5 M1 the muornent of the — 

stress ~couple jaa successive Skins, dloug the beam were ey. 

amined . 

But fora non-prismetic beam I and € change, from 
—«-Beetien to section jas well as M,and the ordinate of the snorait 
 Gkogrenn yo lower shows the variation of P; noris fewer, where 

«Mise max To find the dangerous sectlon, then, for & non- 

Prismatic beam, tue express the M the T, and the © of amy 
section im tems of x , Hus obtai ving fi = fune. (x), fleen wh 

beg Np and solving for x. 
«2278. DANGEROUS SECTION IN A DOUBLE. TRUN- 

CATED WEDGE. TWo END SUPPORTS. SINGLE 
' LOAD IN MIDDLE. The form is shoven in Fla. 28%. 
 Regtect weight of beam; weasure x frow one support, 0. 

The veaction ateach supportis +P. The width of the bonn 
= at all sections , while tts helgit,y, varies, being =h a0. 

ET. wehress the @ = ov and the l= hy* (§247) of any 

- seertion on OC ix terns of % , cen evive the sloping faces — 

te Yae truncated wedge to be prolonged ty their intersection 

ee ee ee a Le ee, a ee ee 
ve y — be ; oe) ix : a 2 fs moe es a= 
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2 URE. Won-BRISMATiC BEAMS. 
& eA. aa ay dis tanee = =C froin the foee at QO. We teu have 

4 from similar pHiaweles 

a SA eae et isoe ae -. (t) 

ay aes c B (xe) aud i bh ey ee | 

For the free body nO nel Salting Qines 

a re Pee | ..++> + (3) 

? 

and . 

[That is, the M = 4+Px}. But $row (2). (3) beeones 

ct (x+e) axle 
p= SPE ies od of 2eP qa Gace 

By patting dh fo. +de=0 we chfatn both x=~-¢, andx=ie 
tuthich the latt or , K= +c, corresponds toa meximurm kee 

(sinee st will be mn to give a neqative result on sabatihe 

tiow in op dx), 

Hence Hie dangerous section 45 a3 fox rove the sa 
| 9 , 0% the innagimary edge, A, a com pleted wedge , wut of 

is ag on the opbosite side. supposes that the palt- 

Spee 2 al,is >c,if ah the dangerous section will be at 
middle of the beam , as if Hie beam were prismatic. 
Hence, |e equation 

with 5 t<c¢ tor sate loadtng is s fea =ZPt -~{5) 

(h’=height at middie) 
while the uation C ' 

with a ea ! a, RebBy =7Pe -~(6) 
Ape x=c and =f in(3) | oe 

279, DOUBLE TRUNCATED PYRAMID ARD CONE, 
Fig. 285. For the truncated pyrownid bath width = u,and 
height =v are variable and if b and h are the dimensions 
at O,and c= OA= tithe m Otothe tag hmeginary er 
tex A ,we shall have from sintiler triangles: w=-2 (x +0) 
awd v= 8 (eid). Henec , substituting ae igh I=i,uv3 
tu the rnoment equation 
— Px =a wie have fp = =3P.23 S  tereye -- (7) 
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EXURE. NON-PRISMATIC BEAMS. WZ 
& om a 2 ¢ z , “gE spike. (xe)? 3x (xtc)* ee 4 
‘ (x+e}6 

“ating hia =O , we have x=—C,x=-—c¢ and xx+Le, 
pers the damaor ous sechon ts ee Oahnuce ase froncQ, 

and the oa Fer safe loading ts 

- cifher Ree = = ia ta it = st is< yg c ---~~ (@) 

(it which bi and i are +e dimensions at mid~ span) 

RG) Gry _ z Pe if 41 ot >fe 

: 

or 

- FRI NCATED {ONE where € = He variable Ps 
dius < yand t=— 3, we alsa bose 

| " ey has ea: . 

Paud hewce p ts a Max, for x HEC, and tte equation for 
y ae ak. 

ete tt tr ttiat. . (2) 
 fwhere yt = Pees ge hon section) ; | | | 

q ar ‘dg Ua bis ela oy ee 

care BEAMS OF “UNIFORM STRENGTH? 
280. REMARKS. A beamis soid 40 be of “uniform 
- Stremath” ,when ite form, ite mode of subbortand the dis- 
 Wtbation ae loadin ,oxe such, that the normal stress pp has 
the some value imal the outer fibres and thas ene elemet 

; oa eden is secured, ¥iz.s that all the outer fibres ray " 
@ {0 do Fall duty , s since under the sate beodl tng yp wil 

| a. = R’ inail of then . [0+ course, im all cases of sess 
; dlements between the keutral surface aud the outer fibres be- 
~ umder teasous onc compretsions (ess than R’ per sq.ineh 
ome wot da ivy full ran reqards ecohomy af material unless 
teh with res pect shearing stresses | Ty tig. 265 18.264, 

vee howe already had an instance of & body ofumform strengh 
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y of i . rey ay ieee Wee Mey mal | ee a ee eh i ‘ ces heme ig tb peared ~ 

ane as F ee ae . - oe ve 2 - we. 

FLEXURE. woN~PRismaATiC BEAMS. id 
vizs the middle geqment, CD, of that figure ;. tor the 

is the same forall secllous of CD le. (2) of that S$] and 
@ worinal etreas p In He onter {i bres i bean hei. 

uatle ia that ingtance) 

% fo llowlng broblems He weight ne beam itselt te neq- teen 
The general metiod pursued will be +o Find an oxpres- ee. 
) the | outer ~ fobre - ~sbrese 1, at adetinite section of He q 

2 where the divvuensions of He section dre known ores ~ 4 

¥ Hen om expression for -p in te vaxtable section aud ae 

‘ hag ph 
i. 

i PA ABOLIC WORKING BEAM. UNSYMMETRI¢ a 
Fig. 236. CBO. ts a working beaut or lever, B being tee oe 

hi being given we miay 

ate p “the the vid equation Ply =Rby,whilethe ae 
' tn ls Fh = aR +P. At the ne ave “} tote ane 

A. Deke béans is te pee the sane width b otoll poluis, 
ond is to be Sean in section. Nae 
Required FIRST, +he Jaci helakt ‘h, “ B tor safely. © ae 

4 Prout the free hody BO, of a ae we hove = (utms ee 

oa o - _ 6R be 
- Bi i aren , or P= mies Be ea oh a ie mee 3 

Ehencs, ae oR, h’ becomes known trom (). 

— Required, SECONDLY the eelation belweenthe weriahle Me 
height ¥ (at aay sechon a aud the olistance x of at frome, KS 
| For the ftee body nO ,welove Ne AWS, ey 

oa =Be or LE Pra’ bw and .' ¢ p= ae 4) 

Bat for “uni form ae vuust <p, ; lenee oquate 
hels values from (1) ond (2) “hs haw en 

i a ca at ,which may be written (5 u)*= Gh) x + -{3) 
4 ot, ° 
yp as to make the relation between the abseissax arecl the 

mdiok + WV more tnarked ; jtis that of a parabola , whose 
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es: ELEXURE. NON-PRISMATIE BEAMS. 116 
4 ae sat. | 

Bes i ke para ko li (e outline forthe portion BC is found similer- 

ly. The focal atresses at @,B, and O must be prperty 
provided for hy evidext wears. The skeat J=PB , at 0, also 

requires special attention . 
This shape of beouts is otten adopted i prctiseor the 

working beam? of engines , ete. 

The para bolis oublities just nid yay be replaced by trap- 

exviolal -forms , fi 277, og Wsiita ruck nore ucaleytel, 
and by making ir seein s tangent tp the fawe- 
bolic outline at points T, gael ee T, , Rolf-way between © aud 
Braud C and , respectivety 1h cam be proved that thoy 
contain wiithpan volumes, aming alt traber vidal formus 

capable of CUTOLYA sertbin q the parabolic bodies. The daw qer- 
ous sections - Hues ¢ zoidal bodies aye at the tangent 

poivts T, oma T, . Tila is as it should he (see $ 273), se 
— embering Heoct Hee subtaugent ot a. parabola is bisected by 

He vertex. Rane 
| 282. T-BEAM of UNIFORM STRENGTH. Sub- 
% ‘pork ane load same as te the preceding S. Fag. QR let 

the area of the flange. sechor be = : and let it be the same 
for ad values of 2. Considering al [ poiuts of F at arty one 

 Seetion 0S the same distance # from the neutral axis, we 
WAY write geo F jared assunima that the tlaksertake ail 

the teusion and eovabreesion wiktile the (tin}web carties the 
shear, the free body of length x in fy 288 gives (rnoms. 

about n) Since 

BL Px, be, Pz =x : or, st p ts lobe constarit, 

z ~ [Const]. x 2 a NN RO NES @) 

he. = muct be made pe Ghaoad to x. 
b Henee He flames sho e raade stright. Practically, sine 

Wey unite af C the web takes bt litte shear, 
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HT. 
283. RECTANG. SECTION. HEIGHT CONS TAN 7, 

 TWo SUPPORTS(AT EXTREMITIES), SINGLE ECCEN- 
 TRICLOAD. Fg. 289. b and bh are fhe dimensions ef lhe 

F — gechon al B ; With Bo free we have 

Pata Pp) =0 vay e 67,1, eee Ge 
cS Qo°o 

hs 

AR any other section on BO, as n, where the width is uw ,the 

vaviaele whose relation to x 1s required swe have for nO free 

ep... is ® x iS Oe x eee Ex Ree W@ 

Equating pz and b, we have uber xilo .. G) ani ° 
Thad 1s, BO must be wedge shaped with ib edge ab 0. verbical, 

2b. SIMILAR RECTANG, SECTIONS, OTHERWISE 
AS BEFORE. Fig 270. b and h ave the dimensions of B; at ary 
other secters pon BO, the height v amd width w yare Theva. 
viavles whose relalion fo is desired and by hypotheses are con 
necled by the relabon Se era re ame Oa a ae CF, 

(since the seclion al n is a rectangle samilar to thal ot B) 
Fer the {ree body BO... p= oe 5g wie aC (25 

Fer the freeboly 00... p = Be Oe 
Wrliry ol we oblam V+ bh7 = X > wus we which 
pul w= bus h , from (1) whence : . 

eo a X ¢ ‘ 3 ) 3 * 7 } Be Ss orga uwre ~~ ~~...) 
which is The equation of the curve (a cubse pavabele } whos€ 
ALSESSA 15 x Cad, ordinale te ee of the upper curve 
of The oullsne of the tenl¥aql longitudinal verlical ‘plane 

gechon of the body (dalled lone BO) which 1s siapposed symmetrioal 
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284 FicE xX U RE Beams o! al (Unit, § Slrencth i 1s 
et a ene pt SSN, COTE 

a aboul such a plane. Simul lowly the centro! herizonlal plane $e~ 

Hon will cul out & CUdVE & quarter s| waste ch fe ‘dclted line B 'O) 

me has an equation Ci 4 u) ‘= a C$ ys x aie 5 Ciara (s) 

. That : 9, the height and widlk mas me as the cube rool ff ibe 

. dictonce mm She support, 1 The borkon CB wil owe convesperd 

wg vesulls referred To the support ee 
‘Tf the beam m Ras problem 1% ‘to awe errtular CYVOSS~ 2c -—— 

tions, yet The student lrectl it im the same manner] 

iy 286. UNIFORM LOAD. TWOEND SUPPORTS. REC- 
—-JANGULAR CR. SECTIONS. WIDTH CONSTANT. How 
should the height vary , the height and widlk ob the middie 

& ‘bein h a. b 2 Fis. 271. From symmelry each reaclion 

= & We gw. He any cross seclion nthe widlh 15 = b, 
4 44 (same AS that at the midate) aad the height = Uv, variable | 

a )= 0, {or the free body ed, gives 

3 
eee & oe ark 8 toby : é 4 

2 wiX xy > 2e@, soe uns Ee (1) 

s to be « beam of uniform rena te. Pa is to be =P, og 
a oa from = (roms, ys © for the sree EN Ree 

te. from 
q Ps ab ~— i wl- = ~ wa Z (2) 
B 

ripe 
Bence solve zs for. and (2) for * Pp and mr he. yesulls , 

whence = 4. 3 h)* 

2 Re ca [xx eS er(S%= =a pilex’ |-{8) 

Pah velalion belween the obserssa x ond 3 ce -v ,of lhe 
|  Cherwe, C80, shows it te Le an cliubse since eq. (3) 3 iS thot of 

j =e babserd to its brencipal diameler and the tangent at 
|S verlex as e-ordmale axes. 

Tn Thus case eg. (3) covers, the whale exleut ef both 
—_ lawet Carwes ae the combleie oufime , of the curve CQ 
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2297 FLEXURE. Bones of Unr, Steewerh. 109 Wher ag fn Fires, 4864, ASF ond 499 such 16 not the Case, ae 
287, CANTILEVERS of UNIFORM STRENGTH . Beams built in at sve end horizodtally , ard Prajectnag Frese the wal withewd supbert ot the sther shauld have Pre form s ON ee below, ev The a eases af leading a ON eyoss colons ore Ta ba EeTANGuLaAeg and the, wetoht of bean: negled. : 2a, Sides el seclens hevicental avd vevibea) . Aso. Tye sen. Hons ave Symmelrical about ie dais of the piece, Bb ana h are the Atimensid ug # fhe wah. No proefs gen | 

Width eonslend Q 2 
>) ¥ertlesl dudleng (44) = (th) Be w(t) 
L~p perehshe, ‘2 Reed. 

~~ Sibdle.srd load 
Height Const, ; ’ ° 
Single end Toad (4 u) w . Bye AQ | 4p Hovis. elie ; 

atresia gm AMS taba. oo Ser ang 

Bott, oul} Les 3 3 ae z balan JR) ® (ZB BY 
Vaiform 2G 8 A a era aig 
Width con slant at prs x. ; 
Verliea) alee (3 v)= a a) ae HY) 
"e Triangular eis | 

G Ts gid 

oe mores) rms OO ty 

re: i $ s : : i { 4 ft ‘ eq t Conslant, ee = { +b) RE gi CO P, 
Mor, oullnes wo 

ws ‘ ee? Sn | Lome} +<AX~ | Eeonales meeling at © (Vertex) with - Nt Ts wet) OO Rie ea 
™ — we See ft (4 «) Bie (4 by? Re 3 (6) 

O Boh eullines 3 
Semi. cabie At \2 ars 2 EINE 

Pare bedix & UP FAG i) 73 (6) 
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9209 BEAMS OF UNIFORM STRENGTH. i20 
——-—- 289. Beams and cantilevers of cireulay cress -sec- 
tons may be dealf with simdarly , and the proper lor 
so gitudival outline given, to constitate them bodies of 
2 unifotrn strength”. As a consequence of the possession 

oof thts la ale leading and rode of suppert of 
Specitied choracter, the followir May be stated j that 
to find the equstlon of ate loading Any cross seetien 

H whotever Way he embloyed . This veters to Tension and 

compression. As regards +he shearing stresses in dif- 
ferext parts of the beowa tre condifon of “uniform strenatht 
is wot necessarily ebtaiuned at the same Hine with that fer 
normal stvess in the cuter fibres. 

DEFLECTION OF BEAMS / 

OF UNIFORM STRENGTH. 

2G0. CASE OF $283, the double wedge, but sym- 
metrical ie. ==> , Fig. 201. Here we shall 
find the use of the form IT (of the three forms for 

the moment of the stress couple ,see egs. (5) (6) and (7) 
S$$224 ad 231) of the nwst direct service in deter- 
mining the form of tie elastic curve OB, which Is syw- 
metrical ond hae acommon tangent of B, with the cure 
BC. Firat to Pind the sadius of curvature, , at any 

section ni, we have for the tree body 10 & (moms, =0) 
whenee | tee ie 

§ Beg ta PX =; nat {SY a= and I=75 uk, 

we have 1 5 

tp Suh =tPE ondp =f #8 --W 
from which all variahles have disappeared in the left hand 
mewber; i.e. is CONSTANT, the same at all points 
of the clastic curve, hence the latter is the axe sf a cir- 

» Having a horizontal tangent at B. 
Te Hud the deflection,d, at B, consider Fig. 2q2 
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BEAMS OF UNIFORM STRENGTH. /2s/ 

siangle KOB- is g Pee to YOR, 

: KB: OB:: 
feat KB = aig YB= ra . 

: je aud sation €2 dee Pe BH poe 
ayy 
eq. (4) §233 we wote that tor a beam of tHe 

wretevial but prismalic (parallelo pi becical in tris 
Aula the some Gimenstons, band bh, at all sec- 

mudgle , deflects. a ainouwnt | 

ET F inte under aload P in the niddle 

shan. Hewee the tapering beam of tre present — oe 
my 3 2 the shifwess of the prismatic beam, for 

O a , Ly 1a and P, 

. CASE OF $281 (PARABOLIC BODY) WITH 
5 ate SYMMETRICAL . es Re quid 

, By Sal line OBC ov the eas ody nO Se 
Gives iS Py r . 

ELget = dP Ot 
1h shows simply the geomety ical retationsef the = 
Wy position of Ce axes, ee. OnB is thena- 
me oy elastic curve hoes equa: and greatest 

nate cl, are required . (The lett ois member of 
@ made negative because ay + dx? ts meaative, 
cuxve bemq aoncave to the axis X tw this, the Rist 
drat) 
Now Uf the beam were prismatic, IT, He moment of 
via of tre arogs section would be aonstaxt ee. the 
¢ for all values of * ,and we might proceed by 
ing the x~awh -derlyative of each nvem ber a (1) and 

0. ae constant , uct it is yaviable and 

a 

“5 te 

res 

va : : : : : Pics ae 

a= . Bis 3 a, Se" ARE ie ‘ ae a , FR el, Bg koe ee 

c etter, Ie are agin eee Cee Sse eck Lae 

: Pt ao SY ye. = yee =) se + irs ad 

cw ae soe a J y x ~ cs a ee Fe Lo $ 

Be ee = ag ee ee ipkpas S reeeyeee : 5 oe - EE a Pn ——. ~* ee Se ee Waleed “ a id : gebn ot 
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i BEAMS OF UNIFORM’ STRENGTH. (22 

aga? =75 ae ale s (from e4.3 $281 putting 
Be t= os “ey C1)’ becomes 

k cay Moe -ePx OU 
To put tis mto the bor Const. x $4 = func. of (x), 

we need eT Ai vide uae by x (and ter brevity 

dewote ; 19 ie Ebb? OD - A) and obtain gee 
We can wow take the x - acti-deriyative of cach meim- 
hey, anc tus have 4 

A Sh. =P (ax 4) 40 --- 
— Te de teymine elt Constant C, aa ara the ae tat 
at B, where x = 5 4 3 the slobe d —adlx {¢ Zero 

iy the tomgent litte is there Per tet. when ce froin | 

(2 | 
O=-PyL+C .". coe | 

1 (2)! hecomes AS = PLL -xt]-- - - @) 
=", Ay = =P iA. x ~ 2 27 | +{C'= o| -- 

a (e' =O etnee for x =0 a =o), We Way spot 

—— defleckon A (F tq. aau) b y writing war aM 
so whenee , after sic the value of the oe A, 

cg emaietectag 
| eet is twice as oteat Foeing =. Pe | as tf the 
—gisder were powallelopipedical, Tu ies words the pre~ 
«gent aivder ts ont as stitt as the pris matic one, 
«49% SPECIAL PROBLEM.(I) The symmetrical 
F: beam im Fi tq. 2GK (s of reetaudgulay cross section and 

= ae Se Se a a 
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at i aie Lanta) 
A ae mer Np, re ay) 
a te 

eae Ps 

y % : 

= cons awd 
: AERTS S Gis TEs RoR P, PY menage 

width =h ; hut tHe height ig conatant over THLE ex- 

bead vter spang h<ing ah, aah > Le. half the heigit 

hat midespan. The tonversence of Hie two truncated 
wedge forming the iniddle quaxters of the heans ts such 

— that the prolongattons of tha ib bor aud lower surfaces — 
: — -ywould weet over the subports ad should be the case 

e make h=2h,). Neqgle wg e waugkt of fhe bean, 

; and placing osingle loadjt ‘Is required +o tind the o- 
— quactton for safe loadings also the age of the elas- 
tie curves CB, ond BB; and tinal \ the deflection. 
a The solutions of Hus and the following broblews are 

lett to the student, as exercises. Of course tHe beam 

here given is wot one of anctorm strength. 

293. SPECIAL PROBLEM (IT). Fig. 295°. Requivedl 
the momner ly which the width of he heamumust vary, 
the height heing constant , cross ~sectlons rectangular, 
 wolght of beam neglected, to be a heat of uniform ctrength, 
Hf the lodd is para distri bided ? 

i GHAP. 0. Flexure of Prismatic 
_ Beams under OBLIQUE FORCES. 
— RG. REMARKS. By “oblique forces” wall be un- 
derstood eternal forces not perpendicular tv the beam, 
but these external forees will be contined to one plone, 
called the force~plane ,which contains the axis of the bean 
audaleo outs Ye beam yn metrically, The curvature 
tuduced by these external forees will as before be con- 
$id ved very slight 30 Heat distances yneasured along 

the beam will ke treated as unchanged by the Hexure. 
TH will be remembered that in previous problems tie 
proof that the nembyal ants of each cross sectinn basses 
Hrrough its contre of gravity , rested om the fact thal wien 
abortion of the beam hawing a given seclion as one of 

ity hounding surfaces is considered free the condition 

‘ 
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bee Ae A a a i ee 
> 5 . 

Mee ODLIQUE FORCES. == fag 
ner equilibyi in (compons. {l tp beam) =O dees nit 
— inkreduce amy of the external forces, sinee these in the 

problems veterved to, were 1 to the heam; hut in 
the problems of the present chapter such Is uct the 
gaze and hence the nerdral axis does nob necessarily 

pew fact Wray howe only Or. ideal , eometrisal , existence, 

- heing evtively ovdside of the sections tn other words the 
aa fibres whose ends are exposed in adaiven section may all 
he tu tension, (or all im compression) of (whensibes vary- 
ing with the distance of each trom the newltal axis. As 
Eis much more convenient, however, to take for an 

axis of momands He gravity axis parallel to the neu 
Ayal axis instead of the weutvol axts itself giuce this 

— gyoxity axis has always a. kiown position. 

—-95. CLASSIFICATION OF THE ELASTIC 
MerORCES. SHEAR, THRUST, AND STRESS - 

«COUPLE. Fig. 296. het AKM be one extremity 

— dox oblique forces, Cts the centre ef gravity of the 
«Section exposed, aud GC the gravity axis “1 tv the 
‘a force plawe CAK. The stresses acting on the elements 

gh area (each =F) of the section condist of shears 
(whose aun = J, the “total shear”) ln the blanc of fhe 
 geetton aud parallel to the force plane, a of normal 
 stressee bovallel to AK od proportional ber unit of 
area. to the distances of the dF's ow which they act 
from He nechal axis NC", real ov ideal (ideat in 
this fiaure..) Tynagine the oul mest fihre KA whese 
distance trom the avawity axigis =e amd from the weu- 

— ealayis = e+0,+ he fro longed am owmcunt AA‘ 
_ Whose lenath hy some arbitrary scale, represents te 
 worwmal efreas (tension ov combsression| to which die oF 
at Ais gubsected .. Then, if a plane he faseed through A 

‘? J 

+, a 

pace tnrough He contre of gravity of amy secHon aud — 

of & postion, considered ree, of o prismatic beam un 
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OBLIQUE FORCES. 25° 
_ neutral Axis AC , the lengths | auch as mr, 

to DA. iheelt ‘ baeet the er tse ties (i.e. per 
ae ow the respective dF’s . (In this particu 

 tiqure these stresses are all 6f cone Kind all fon- 

Bae. or all combvession ; but it the neutral pee CLCUXS 

within the lhwaits vt bike < on they wall be of op po- 

site kinds on the two aides of NC”) Through ©! fe | 
Bip! imt determined in A’ Na Oa by He interce Fs CC’ of 

a cedve of gravity , pass o plane AMM" + poeaitel 
te the section itself; it will devide the shress ~imtensily : 
_ AA’ iwte two ports p, and p, ,and will enable us to ex- 
ress the stress ~intensity mr, on AF ot a dis- 

tance 2 from the gnu anis GC ix two parts ; one 

a eer the same for the ner dependent on Z, 

thus: | Sfress-intensily, enany a ¥ £5 bits See 

‘ Bi ae hence the 

i Be: Ja clial noymal slress many aFl=}, dF y= = aF (2) A} 
ry 

“a 

a example the slres S$~ Bone on the fibre at Ae 5 wh ere 

ze —€, yw) be Pp, a 7 Py 5 and ‘ik is now s®en how we 

may tnd the slvess | al any dF when p ‘p, awd Pa 

have been foand . If lhe distance a , belween The neulval 

x c nea eee axes is desired , we uly ) by similar triangles 

Ag . Pac. oO a ees A ae (3) 

. if 46 low readily seen aaah thal the slresses or elas 

F The forces represent ed | wy the e EGU wal ler cepl: S belween the 
baraljel planes AMT and A“ M" *) as ia » Conshlute PON ult <— 

evenly Mskribuléd rovmal sTress , a wall be ealed 

| pee.” uniform TH RUST" , or sienply the THRY S x 9 cr. 

“ial 2 AS Ae 2 a may ‘be) ay an Tt sii 

of On armour 3 ; a B : Boe ae a a EAL it $s fae sans oot par = Pf 4aF =p, 
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Mes OBLIQUE FORCES. 126 
—Itis also evident trot the peste inter cepts dis 

' ing the wedge AN A'GC’ aud the negative  « 

Ps » MM aC’ form a eystein ear 
stvegees” whose combination (algebraca 4) with 
these of the“threst” shows them tobe equivalent te 
the actual system of vormal stresees represented by 

the eral prisms cians hie iinaginary gold AMT: - 
i - -A'M'T’, Ttwill be Lown that these graded gtresa- 

es constitute a “STRESS COUPLE”. 
e Analyticolly , the object of iris classification of Hie 

* normal stresses into a truest aud a stress -couptle , May 

he mode apparent as follows: 
ee: Ty dealing with +Hte free, hody KAM Fig. AYE , we : 

shall hawe peeasion fo sum the eo mponcitts paratlet 
to the beam , of all forces acting (external and cinstte), 

also Hwee “T to the beam j;and alse sam thelr me- 
4 “ neiets abeut Some axis ~T te € foree plone. Let tris 

. axis of woments be GC the qvawity -ayis of the sed- 

td not the neutral aris} also trke tHe age ee 
to the bean and “| to it, Let us see ek Wak 

itws. 

- 

eed 

+ the elastic forces will play in these three sur 

> See Fiq. 247, which qives merely a side view. Refer 
f ving to eg. ( ) we » Nee : * 5 

7 ‘(The ZA of the i J=tfar+ 3 fe ol F 

; ret sf " ) =< /p, F + fa i | 

3 [see eq. (4) §23] Butasthe 2’s are measured 
trom @ a gravity axis Z vtugt be xero, Hence 

; the T 
[The EX of Elastic trees]= FE Ke sein. 

Also, 
he &Y of the Elastic tovees]=J = the SHEAR ;- (3) 

while for \womernts ahost G [see eg. ()] 

a Pwo ~ 

led ae a al ee - A 

™ 
" b, ae 

ant t. ote a eh d 
"4" tio % oe se J 

ey ie a4 hd le al irae 
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CURE. OBLIQUE FORC tee 

of thee é iastie forces “fins as by ol F ma 

| 
: . =p, ae 261 £ 

Bend hence final 

[The —.)° of the Elastic bee Bo STHE MOMENTO 

“22 dF where I is dhe moment ae inertia of te 

section ie the qravity axis G , (tustead of He revctral 
axis 

ae ex press Con mM ) Wnay be dalled the MOMENT 
OF THE STRESS CO PLE, under stamding by Gives Cou- 

ple acowple to whieh the arcades stress. ea of Fig. 297 

are equivalent. That these graded etresses are equiva 
leit toaeouble is shown by the fact thet although they 

sve K tovees they do not appear tn eg 4, the EX | 
heuer ilte SAAN of the onseaes E aa] equals tat 

ef the ¢ cmpressionug [ff a z zak | in that sect oF ‘vernal 

stresses. ai 
Wve have tere tore Ra these advantages , Heal, of 

the Hiwee quantities J (1bs.) , p, (lbs. ber s aid ) asd fy 
{Ls. per sq tuth) a knowledge i whieh, wi ot the Fors of of 
Hae Cts. apa determines the stresses iw the 
gcctio , as (4). ),(3), and (6) apvctain mil, one 
wach, gion alg ale dlaamatienes 1h USA HEC CS Se ry 

for fond. tv own sue af thew; and Heat the Gxis of re- 

oy of + mamedt of tera Tis thasame axis 
. the eseHtow 65 Was used th Former Abexure bret lens. 

BP Asother of stating eqs. (4) (5) ¥(6) is this: the 
Stunt of The coma pornents havallal diy the bh Caan a Hie oer 

boone fer is balanced id) Mee +r AST D4 bial ; thos wie 

du the bean are balawted by the shear, wi life pee Siedrt 
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es af fia external forces Tae ae) qrayiay as 
fea seebien is balanced by that of the gives couple, 

* here ‘ee the Varust must pe yeh meoment about the 

Bret aute veferved to. 
Te BQUATION FOR SAFE LOADING, een, veil 

) a ae Way. | 
: é ys 

haem Gel O 
()- “(ht += bn, ee! 
i rev 7 RE ge¢ table iw by The double sign provides fx 

ae we Cases where 2 gh Gna fe opbesite Kinds, one ten 
@ tow tne sther tape love course { (perp. \ aax, ts 

pe + the tame Hina as Ch, max +, wax.) In see 

es in broctice €,=@ , 90 that the 2a (b) Of e4. 
to then unnee 

Ee By elaee curve ls now nteaxt tne lecus of the centres 

ot qravily of- the seeliong.) Sitec tee wor ymnal stresses 
an asection clittess {row these otturting under berbondi- 
Relay ees ow ly in the addition of acinar Tusk 

ee pull}, whese etteet, on the short lengths (= do) of + bees 
- between eco sees seetions UV aud U,V,. Fig. 
| 297 sis tett equally by all, the bscahion of the ir) 
et Cuavature R, is vot abpre eiably differen froin, whet 
tk would be as determined by the strese couple alone. 
. Flas (within the elasHe Vunit) , strains being pro ber 
Heual to the ebvesses producing them , if the force s ‘3 
Hue stress~conble acted alone , the length dx=G,G of 
ia swaall pertion of a ae atthe qroniihy axis would Ne 
omtin unchanged thening aud shortening 
of the other Pre peat corn dee two sactions 

UN, and U'y' , originally pavalld , would oteaAion Tae 
ane of y’y' Hero ugh a small andie (re lakwely to U,Vo) 

owt a, imin the DOS TOW which if cee wpies | in tire fia- 

Otay eran z 

eT Uae ee ee ae ae at Te) ee 

o_ _FLE -XURE. OBLIQUE FORCES. 128 

2950. ELASTIC CURVE With OBLIGE FORCES. ” 
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a Duist fu Te REF stad] PA oc a a Se aie bun al Per oe Say ee Ny 

«1 ade RO a i i GSS AR Sar Rala eae al SU eo 
See ' : an dl “ale ; ,! Le 

a. FLEXURE.OBLIQVE FORCES. /2¢ 
J aud @ RR! wasld be the codius of Niacto Bact 
at oF Ye uniforms pull (added to that of the couple) 

vitt uty! barpllel to itself mto tne ee UV, and 
: ee radius o nies of the elastic curve, oe 

: ie GR instead of G, R’. 
ee setween GOR amd Aok’ is vory ermal tees 

Awe, Flav e NaS the di between ae Ge 

ig for Lvsbonte, with wrong ht-ivon, dven if f ‘the 

asily of the mriform po were as high as 22 660 
ed en, in. [see 8903451 G,.G moe exceed Re eG Pt 

Le of GR as the radius o ature p 4 am enter is i 

is oduced 0+ so small am amount as to be ec Mee ae 

* Si 8231, eas. (6) and (71, Et. Los, = M, : 
as 

or 

bs 

2 - ge & > @ s 2 oO £& 

si 

= & eo cr rr & ie 
= 

£m = wf & ~<a" mat 

eee en 

Sees nt ries : /. ys as ome, a ~ 

Ses 3. eee et oe Se Ty ct ee eee Re Sie Oe 

oly ee ; een eh ee ae ¥ (i oe = ares 
"G oe torn tor the = moms.) ot the elashe torees 

prereset 
of the section abeut the ranity -axts. A 

296. OB\IQUE CANTILEVER WITH TERMINAL 
LOAD. Pig. 248. The “tixima” of the lower end of ay 

beam ts tk only tuppert. Measure x along the a 

nw from O. het n he the gravity axis of ary Ses- 
tow aud nT, =x sinc y the lenath of- tlre as | 
aie om n on the we of actlon of the 
svee:P (Load ) The flexure is so slight thet mT is oe 

Biaidered to ha the same as before the load is al- _ 
lowed to act. [It of were very small, however ibis oi 
deut that this assumption would be madmissible , te 

ea then oo loge bro bortion ot nT woulda he due % ee 

ine flexure caused by He load] ee 
Nomis nO ‘a Fiq. 299. In accavdauce with 





6 FLEXURE OBLIQUE FORCES 130 
preceding paxaqrabh (sce ogs. (4), (5), aid (5)) the e- 

te forces of the aeetion const of ashear J, whose — 

due wiay be vbtnined by writing ins Wie sx\Y=c 

. ef AML fort thrust = PF . obtamed from SK =O vizs 
‘fe  Pesa-pF =o |, sre OR rit, eee 
< dud of a Stress - couple whose moment Pwhich we yaigy oe oly) se mea og = write eithey Pal ; or Ee] asl is deter weed {ro yrs 

Ee vene.,\=0 oF b : | 
Be “ + e. ig ‘ Moy a Pek ~Px sina =0 PBN recs Pxspva . - (3) 
‘? ui : ar : ; 

i 4 3 2 As to thie STRENGTH af the beat, we note tat the 

— ohvegs “\wtensdy 5 { , @ the thrust is the SAMS UO alt seetous, 

trom Oth i Aq a aud thet 4 the stress -~inten- 
P v | ; 43 “A f 2 ay inthe cister bre, (and +s is com Bression it € =no 

4 of tig. *49) due to the stress couple is Me bortignal te 
5 heuee the wary. of ip, + p,] wil be tncthe ewer guler 
— febre at Lh where x ig ne qveat as possible, =; ancl will 
he a dombpresstow, viz: 

[p,-,] max. = P jee + srmade | Hee je 

2 Hy equatio a for SAFE LOA DING 1g : ! l Br a a CLS Ct i (Sin ox) J aig. a LA ic J RI ey Pp |See + Sin & hath | , rae {5) 

er ar 

Core ita 
a. 

A. ri : t 4 ql Ci 4. since with e =e ,as will be assumed here h- * 
i Vax. 

cow ust exceed, numerteally [4 p, ]imax. The stress- 
whonsity tu the oner fibres along ihe Nie edge of the 
bea , being = p,~ Py (supposing e,=e) will be compressive 
at Hye Ep bic end near O, since there PP, is Small, x beirg 
small; but lower dewn as x qrows larger, 41, increasing, a 
seokion. may be found (be fore reaching the boint \ where 
Pa b, aud where consequently the stress in the pubor 
Ribre 1s 2eVo, orin other words the wentral axts of that 
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FLEXURE OBLIQUE FORC dR CES 131) am 
‘ S$es through the cuter fibre. Iw duty section f ty? 

4 het section the wentral axis is tmadinary tei 
re oulsi the section , while below it } tts wath 

ethion, but canwot poss heyoud the Gravity ax- 

AoW Fig.gS 00 , O'L' is the locus of the joo 

rf the wethal axis for successive sections , 
Lothe axis of the beam is the loeus of the 
xes (or mathe of the centres of avanity) of 

Aiows | His latter ine forming tHe “elastic 
wud ov tlexuve, As already stated, however, the 

is to be hut ¢ slight , aud x must not be ver ae 
gota inskonee, it the cle { fection of O from ‘ts g 

 kefove flexure ts of such am amo Fe ao. 
the lever-arm LR of P about Wh to be great 
percent. then its value (= Usinat) before ne, | 

oneal 0 cf PB a3 com buted frown eq. (8) (with «SL 
4 hom its trwe sr (M a Saine feale 

ct of O trow tke eut at bys ae 
i sete rhe ae gear SD MET. appros ne: 
° Pla’ P sin a for the P of fi 22" ile 
: Sie qivesto the other ye he 
. W the tamqemt at L,a lever arm, aed 
ent mamenpabout all the gravity axes otal the : 
Whence for > eS: =O we howe, (morea- 

ican from eq, (3) when =) a. | 

a = = P(sina)l+Peos a Pst .... (6) 

hove here aupposed fies d hy its com powers oo 

ud “1 to the fixed tangout at L'see Fig. 301). 
But wen (6) will not give an balls value for fe ot ks rhe 

far the lover arm © pg viz. Lis >(Psina) “EE, ye cies 6 A a.cooure! of He laresence id loveraae of Poosa it Caan 
A. The true yalue of ol tn this case may be obtam- 
= ian a wittiod ayaa to that indicated in the next 

Ee 
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oy Ae ea So ie ver amet 
‘ioe Sao rene Meron 

yt Wn mamirr yy ii) YORE SE 

TOR FLEXURE oBhieuy 

ASTIC CURVE. OF OBLIQUE CANTILE 
rH TERMINAL LOAD. MORE EXACT $0- 
; For. vartety place the cantilever as iw | 

_ $0 that oe deflection OD=cl tends to de- 
the moment of P abot the 4 yg axis of amy 

. We hin replace P ah awd 1 com: 

ta. BO fe’ y Ht and “TL res pectively tO he fixed 

¥ A Oba The ond iM Os 48 # talon of the free 

ie ean, For a tree boda 01 yn bean ars, 
, we have £. (rons) 0 

at rae Pikeiwecies 2 

Louw ihe ae kt ana 

OS te ae ig fe EL : aa ts soutwe 
ve being whale to the ante X ww the first quad: 

(te vaaict be yoted thet the axis 1 is always to 
nit the peam, fer EL cl*y — elt to represowt 
ment of the stress couple) 

‘ts wot tu prefer yer" fox taking the x~auntt- 

ve af bot members, since cne turin comtmine the 

ble y ,om unknown functlow of x. But by & sbe- 

Le selvition of Prot S.W. Robinson (p. 500 of Woods 
4 use of Materials) introduciny two danctants Nga bay 
muned for this cblem by Ye fact thet ot hk Ge 
S420 , and that at O tor ~=0,y=0,it is 

thal the eqution of the cAasiie curve is. 

a (sina) ~ (cosa}y) eS ke } @) : . 
yaa El. 

* m which Cy danotee tee NAPERIAN BASE=2.71826, 
i. abstract sum ber ,owd B, for sie git fev a 
#Peosa — El ae 
Ee Et hud the detection ad, we nuake x=l in), 

 e 1 ae PT Ba rf 1 ‘ : 

As fete En ee ue Ne f eth i Tye et eye eae “ pe 
ri ma Pe tea cal. ee aa _ 4 Voie ae 
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FORCES.” toe 

& p,F = Pea ----. @) 
aa Hod Be me taensity # im the cuter ture hae 
BY ots Ee iaintd opge the moment equation for the Free pocly C1. 
: Vie Pat re - Plsines yi a P feos ala - em ) 

in which @ = ER tebninae of outer fibye trom the avauily 
Axis, 

OT he equation fov sof loading Yom is written out be 
; : phackng Hee hoe of fr. 9 is @ tang a, AS derived {core £ tide 
,. a a [ 1. dle) im the ¢ ex aves s LOW 

b, imp ' 1. = Bp Nap ee OEP he kanal (5). 
Te solve the resulting equation for P, incase that 

athe waknown oat COOL oy be “a taereas hes 
= Beiive A SMD T UO MS ad Approximations , aivee Gb oe 
curs deans comdomtatl 
4 QG8. INCLINED Beam WITH HINGE AT ONE ENop. 

Fiq. 304. Let @- Required the eauation a 
gafe Wading ; alec a salt \ nia shor, there hema be 
eve load , ad Hot iw tre wahddle , The ortues 
vr tf nel ng Smooth [te reéchion, H, ot O68 herizentet. 
witke Heat | Hae Minge« piv being BaKMowh béthin o- 
maou amd dieection is best ve placed by its harizentel | 
cand, Verh cah components No amd Vy, ankwown ie otnsunt 
owly - - S abbas mg ie fLoxuxe sleaeh woe fine a extar~ 
nel tovces Vu Hae samc mawaner asim Prob, | 9 37. iny 
Ausidermg the whole beam Wee , and Ais 

tl 9 coro 5 it, miso = G7 COTM. g Y5 = P+ {i> 

Fas ayy section yo hebween : amd B, we have, Lyons 
line tree hedu nf , Fi S05., 

4 4° y fey 
« % ta Hleust- = ae i }- - Ht LOS oc ge (2) 

D amd foo 2m { VAOYAS, sy aN s 

p 24 Bat Sty oh ( *4} 
¢ 
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Be ice (p,+ b,) to be pry Oe cles 
. > Where x = Ht , aad is oe 

m 4 He sina which= Poco |S» Ee 

1. Sea gecHonus on CB let the free body be 
ete. SOG. Then from ¥- (longitud. a MA Ona ( coneps,) = 0 

* (the dient =\pF=Vosinn +H cost .. f6) 
| PF oP sin +4 ces cota | Bees |<, 

from 2 (ams) = 0 , 

ee V, x! cosa - A, x"gina Ci 

ee = ae oat 
: e ces, x! yah (1) 
ce  (h, +P.) 4 ae sion B. ae Wilton x! 

Greatest ,which ts when x! =al x! being limited bet: 
f~o amd hae oe iS : 

bapa + color ri e | \ ou Hay Hl 
hich is ares ai How the mar. (4,4 44) ow BC; 

G4 (5). Hence the Bice ee loading is 

lana + a cota . fe = =Poos «| —~ some cs +7 te i 

os in B aikis R’ is the safe marwta shvess few square mit 
E the moterial , | 
: The shear, J, anywhere on CB 7 {YOM ZX (trameyerse 
an =O inwFig. 306,is 
<a = V, cos & — 9 sina = P cosa . (10) 

As dhowing gra pce GU He results found , nomment 
ae awd shear dicgmms are drawn in tig. 307. Cue 
also Biadcoum Whose ordinates represent the vowiation 

j fs ot (p,+,) olong the beam. Fach ordinate ic hlace d 
f © ybreauy mer the qrovily axis of the section de wich 

st yo fexs. | 
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Be FLexune opi OBLIGUE FORCES. | bee 

ie UMERICAL EXAMPLE CF THE FORE GOING
, 

a i let the beau be cf wrcugit Le the load 

P = 1800 Lae hamging trom the middle. Cress settion 
vetoutgular Balas by Fes a We, hag being parallel to tre 

gocepla ‘ Required thc WAaAk . norma stres¢ tu Chay Luh 

ex ay thre: also the wax. total shear. 
hin tax, atress- iwtemsthy will be ws Hue oles ink : 

in fhe section just below B aud ou the Lp per GLAS Ae ee 

ina to 3.298 , auc ts given by eq. (6) of Hot antiates it 
wedubck 5 BEE tia, 308, jae YAuUS F su.53Ti hte (ine in fee 

OSES) P= 1600 lhs.-6 = 28q. tw.) che 

es 72074 12 = fel. 6 cae pis nye ee a" 

oi. inches : col x ae : Cos & = mh 0996 3 : 3G) if tawmwalc, 

10457 126.6 yy oul 
We, (h, +2) =1800 X. ogg 6/1240 26 +7 ae ral q Gite 

ibs, pes sq. tuch very wearly lakes. hia sen dhe 

us ates fibre close under B. Tr the lower outer fibre 

wt under B we have alension = pPg- p, = 7200 Ln. 
ee ay inch, ( Ti Is here subpaoeck ‘thet We beat (3 secure 

Jagival yrelding sideways. ) 

300. STRENGTH OF HOOKS. An ovdimary hook, 

see Fig. 309, Mary he +reated as follows » The vod fb 

iia =P, if we make a horizontal section at AB, whes 

GROMER Oxis g 15 tHe One , of all sections , fan Hace 4 ‘ee 

trom ‘ke lime of action of P, avd consider the portion C 

itee y We have Ve shear = rf 2 ue e ei wir vi (1) 

the conn bwil = fb, F c= Pp ees: 

wittlé the mornent the stress « ouple , from ¥. (mains.g}=0 

: fat pe @) 
“rh, t i / . 

Pur safe loadin 1, ithe) UR 2 MO. 4 Py t Pe 
f ae ne te he ‘ 

ke er rae Tl i, 
Tt is neve assmmcd Hiatt ©. €,. and thal the max, 
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4 : Meee OF LE XAURE OBLIQUE ECReES 156 

DP, + P| cecurs at AB. | 
SO}. CRANE. As am exevetse let the student invest: 

gute the strength of a chane, such os ts shown in {19 510, 

BenAr. Vv] FLEXURE 
OF “LONG COLUMNS? 

362. DEFINITIONS. By “long columm” js meart 
a stright bean , usually prsinatic, which is ached on 
ow Wee compressive forces, one at each extremily , aad whese 

Lewate is so qteat conrpared with lis diameter tat ib aives 

wey (oy * fails”) by buckling sideways, ie. by flexure , tasheacl 

of fy oroshing or splitting (see §200), The pillars ox 
evlunns used wi Dulidings , the <emmpressiow ineinbers 

ot bridge trusses and voojs, and He “benis” of a trestle 
Work are dhe principal practical examples of long columns, 
That they should be weaker Ham short blocks of Hee same 
material and cross section is quite evidert , but ther thee 
retieal treat wrernt is nucle less satisfactory than la other 

Cases of Herure, experpwreid beg very largely relved cu 

wot ouly to determine He pliysical constanis which thee t 

Wiveduces into the for wmairlae ve fey ring, to them , bub ever 

* naod ify, the algehraie fom of Hiese formulac, thus ren 

heciug Yen toa certain extent encpirical. 

303.END CONDITIONS, The shengih cf a caluann 
is lavgely dependercl on wirether the euds ave tree to han, 
py ave Faxed and thus vucapanble cf turning. The former 

condition i@,ottamed by vouncimg the ends, or providing 

Mecur welll binges ov lod -anc-socket ~joiuts : the latter ky 

faciwg oft cach end toan necuvate plane surface, ihe hear 
iq on wich i vests hema biane also, dvd incabahie of form 

; gag. lw tre fovvaey condition ihe column is shokew ofas 
| Ve Yi ROUND EN DS » in the iakey as hawivg PIKE D 

ENDS ,(cr FLAT BASES; cr SQUARE ENDS). 
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2 FLEXURE. LONG COLUMNS. 137 
> metines a doluinn Is fixed atone cud while the 

eud to notowly wound but eae ble of lateral de- 

a yom the tonrgett-tine f the hivei ew: tiris state 

_ conditions 1S offen spoken cf as “PIN AND 

ve ‘ a Sil cee exambles ef these three cases, the He 

xe hein vaach, exaggerated . TH the counding of Hae : 

produced by a hinge ov “pin joint”, Fig. ae. beth ies 2 
: wg tn the same plane aud having imvnovahle heawinag ae 
G at ike eo Hie eolunie > to ie cowsidered as ira 

in 

Og Bc. ee as Pein ROO i
w the bisa ee: 

ig the ones of the pins, 
The * “atovnent of tmertia”’ of theseciion of a column wall : 

understood te be reterved traqrawity axis of tie sec 
tion which ta “1 ty the plane of Cleeuve Cand Hus corves- Be 

— pouds to the “fovce-blane” spoken of iw previous chaplers) Pegs, EULER'S FORMULA. Taking the case of i 

& Tound- ended Aaland s Fiq, 313, assume the widalle | ‘e 

of the leg as aw origin , with the axis Ko tangent to a 

Hue clos tee curve at thet point. The tlerure cee a 

3liqh! , Wwe May use tHe orm EL a’ \y ax? for these . 

—wretawnl of tee stress -couple in any sechen nn, remein 

} hark vq Peat with His aclalion the axis XK nad be il ae 
ic ae the beam , asin the Hagure (31 3), Considering Hre 

free body ac , we note Haat the shear ts xero, Ha! 

on. the tama form Hhrawst =P, aud that & (moms n)=ZO qve 
Ee. (a being the ida ep at 0) y 

; Be : ‘ > *: 4 

| FI =P@-y) - + 0) : 
 Malliplying ench gide by ay we have I 

a ey ty =Pa. oly -Pydy - ~- > @ Re 

| Since Huis equation is true for the y, cy, dy and d*y 
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2303 FLEXURE LONG COLU! MNS. _ 138 
of amy Based of ave of He elastic curves, We Way 
E igeke tt wrilen tut for each element fromm © wiht 

Ye Oe pamd aly = =O, up tc any element , (whore hee \ 
aud yy) (tee Pa. Bip) dmapten wav be he Summ ¢ 
fag lett ia. wewn.bers, equa +0 tak of the vig et kane 
members , rerrombering the, since clx 1s assumed 
comsrant , 1 ~~ cle* is a commun factor on Mee be ft. 
Th other words integrate between O asd aw siete: ef 

“The Qutve ,n. Theat &, 
ee Yyacly | 
=, [ay jelichl = F fey: Pfs cly «+ (3) 

Gly = 0 

The product Ay atty hos been writen / (ay) Aas), for 
a’ he 1S Phe att ferenhal by tMeyewa ent c- t ay) Omck 1s 4 
fa to «we Uke xcle 5 or ih oo Pen ms ua THe ene 
How vwe have 

wault ig iM aterme applicable to OuY coe of the curve, 
Aud coutodus the uarialles « seal OMd their mcremenis 
An tad oy. Iu ovder ty sepawale the variables, solve 
fox Wx, amd we have is : 

ee 4 fl oe. ax = Jp cy, 0 ieaenaaisna ae eager By ty 
fw, FF |g eee be = ETE Gens! 4) ~(6) 

(6} ts the eactios of the elaske cwwe DOC Frq. 313, 
ama contains the deficcton a. TY P anda are bots 
qivea yocan he ommbputed for agiven x amd uloc ve ere d, 
Oma thus the curve traced out , hut we would voistog 
Suppose a to debeud ow P, tor tw eq. (6) when x = 51 
Wy skowla =a, ‘beter Wiese, substitetons We oblain 

+l 5 = Al EF (vera.sin”' 4 1,00): 1.0, at = res a tees (7) 
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mese5 fF) EXURE. LONG COLUMNS. 1354 
Since 2 hag vanished from eq. (7) the vatue for P ob- 

tamed fron Hus suas VUES og o 

PE cine cs ee 
is rnde pendent of & , ae 
ig .. te be regarded as thact Loree { at bach aut of the roar. 

Bod column iv Hg. 313) which will hald the colin at any 
small detection at whieh & may previously have been el. 

Tu. other wortls it the lovee 1s lest titan PB, wo Hexuve a! 
ali wil be produced and hence P is sometves called the 
poste prodiiwcang  Uaciptent flexure”. | Ths IS vougly vert tied 

oy exerting a Sey press re with the hand en the ubper 

eu of a Henble vod, (a Reser’ blade for instice) placed! 
verticotly oh Ware tLocy oat aroom ; the pressure mast reach a 

dcfimcke Yolwe before adedcided duckling takes Place, and Hew 

a ak slight \nerease of pressure sedadions a large. urcrease 
lection | 

“This also evidemt that 4 Jovee slightly aveater Haan Te would 
ak Largely Iwerease tie de teetiow , thus gaining for set So aneet 

& lever arm abeul he widdle sectten as to sceusse rupture. For 

Hays reason €q. (8 may he looked upol as quvineg the BREAK 

ING LOAD é¢ aceon with round ends, and is called 

Fwler's for wile. 

Refering wow te Fig. SU, ib wilt be seem Heat it tre Woee 

paxts imto which the Hot- uted colilinn ie dgvided by its tug 
ports of Wwilection A and B are considered free mt. 

ts Fig. SIS, He fovees acting will be as there sewn, t/ 
A+ the ports of reflection there is wo shress couple , and na 
BEAT, bul ouly a thynel es PP H awd hence Me portion AG is 

ihe condativn of a vound-euded coluuiu. Also, the Fated erads 

bo the clastic curves at O amd C “a jeveserved werbical bus 

Hac eri¢lupe heas guide ~Wloeks aud a Aude: a [ whoeh ave twtroduced 

Here Sivabiy as 4 Theorchoat vucthod | Preventing te enels 

Hx WY pee ee but do wot ebal c with vertical treedovs) CA 
; : f ip im A 

(Sin Me sane stake G4 texune a¢ Natt af AB aud nud or the 





NG COLUMNS. 9 - £40 
Sone fOrdes . Hence the length AB must = one half Ke 
totes tenth t of tee Hat ~ emdem dole. Iu vier words, 

the hreaking load of a vound~cuded Colman of faiag Hy a9 
is He Same as Mat ofa - doluwmn gf lawath = L. 
Hewes for te L at eq. (f£ write tl and we have as the 
creaking load& 04 a cole with . ~¢uds 3 

= HEL te --—~(@ 
Siwller reasgmuiag, abptied to ee Pla-aind~ square” prode of 
Supper? (rm tq. SU) where te poluts of in edbow are. at B, at 
pro xl wwakely zl {rots ¢ » ig of Hee extreini}y 8) itsetq, cails 
fov the sub aenehatts ot 14) foc t ih ed. (8), aud heuce the 
breaking lead a * piw-aucls Square” column fs 

gq a ag f T ~~ ii Sh re Ne eho haar eae ee ee ( / Qa }; 

Cousparing eg. (8),(4) ,aud (10), amd callivug the vactuc 
oh n {Hoe ends} waalty | we derive the fellomivd shaterment ; 

The prea | leads of oa. given coluwin ave as Vee yuan bere | 4 a according as lig vuede of support is 
a tat inds | pin - 8. | rowrdeyds| These ratios are ab- 
rs wemately verted Iu progties, 

Euler's Foe made fice, eg.(8) oud those beds from UY fq) 
Awd Ge)j Wher considered as aivima Ve breaking load t 
petullas ju, His rea pect that if centaina no refarouce ip +e 
Srréas py mat & | direda, VELLA, SON W tp Yak mate The woterial 
A ped CAA. , bud pe GADMAMAG rode Yee Load | Prodlee jue 
“tacipiont HMeawe” he, which produces any bowding at all, 
vai cl om pace priald the beau, because of ve Greater ae 
Area bin [ewes Gaia Hing qaavied AOY itself . du the douaty (¢ vty 

oF nA. 91:4 the Demding vf: tig Lie in dees | wat $Omsi biey & Le ; 
We lever axnm of the load abent the wall color » out ual th 
he lei the igver OW VA of He toad about the 4 eidnnactons 
wtetirs wile aug ty tHe de fleckionw EVES duced, 

304, § ‘egie PLE. Euler's tov wie, is ohly abs fro x nck 
YET iS boy e eperty re Mek /\9 CAA, ox inne cf 8 use satite: 

he 

a 
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BS04 ; LEXVURE. LONG COLUMNS. Ae 
Se maudored AS giving the 4ONAE  prodmeina “! iwos pi igact {ter XUAFE 

LF iil yew pe Op wii to the cose of x steel T square inte 
Whose eels are free to ton. Nenec we use He round 
oberg 09. (8) of $ SOS , with te reodulwes of elashsity 

30 000 DOO Lbs. oer $0. inth. The dlvsersinus ar. 

ae follows ; Hee lematta l= 30 iu. » theckness = 3 of ota 
uch , aah Widis > 2 meckes. The woment of mera, 7, 
¥a @ qvautiy omia of He sechom Hl to He width (the thee 

nc eat Ht Hig Huickn est) is ($24 7) 
; ia me AAXKGE)* = aoe a ies Ihe has | (62000 Pen WT =~ 29 Gig ; 2 Pp -FT i — 30,000 000 oe ten 7,03 tbs 1h 

R=E14 Te > 7784 bed ae 

Experiment showed that the towe, avery smail addilion tc 
Which Cagsed a Laxqe imoerdase cf defleckon or aide ~buck- 
ling, was about 2 Lbs. | 
30§. HODGKINSONS FORMULAE FOR CokUmas. 

The brimecbat procteal use V Pale torwemla was to fur 
mich agemeral forve of expression tor breaking load, tr 
Coke Hodgkinson who exberiwented ins vsland’ | “A Bk 
upon Columns of iron and timber. 

According to Eul Lev’ formula we Have for ayldudwieal a 
ums . 7 beg = i rye ant rey a cl (S247), 

toy Hat ends - - -~- igen: = righ Fars ae 

ire. properhomal to the fourth power of the diameter, anal ii 

versely as the shapeabe of the length. But Msdgicuna Gx- 
Desivmente Qa? a \W¥e wot ivou oyliuders 

a féonst.) X ~ a ; aud for cast Lrow P Frost) X. ay 

Again ; OY & Square eon » wu hose side =b » 
POS wMAthiaQ As paler iv¢ 

4 
f é : 3 ties niet 
While Hodgkinson tend fox square Willows of weed 

‘ 
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PELE XURE. ofa tet 6 ZINE 

Re (ec ust) A ei Bhat 
a Yee CASE of woed oa exper ments indicated H Me = 

\¢ ‘Momdl ae Eulers formula , butwith adit 
exsiul facts ; while fer cast aud wrought Iron the = 
tise apie rei those of Euler, 7 

COLUMNS. /42- 

. . 4 

ds | fi 

setid cylindvical wrought tov columns os atmewels , 
nq load ia TONS) _ 
Rte each - =134XK(d im eae =A iw fe ay 

solid square colums of dey pak , tlat-onds 

Lwad tw TONS 
ie 

- aN Lbs. each ; 10.G5 (bi in ruches)* {i (iv feet)” | : 

solid Square columns of Ary tty , {lat - ends a 

f King loadin TONS? ak ee 

, i fx 40 lbs. each } eg / 8 x(r m inches)” ay ( Cin teel)* (ae 

Musou sien that when the mode of setae was 
ud-squaxe” the breaking load was about as great; 
en the onde were rounded - as great ‘ es with {lot 
These alos differ somewhot {row the Huemrebleal one: 
od. im $303, just after eq. (10), 

percuent shows Hat » strictly speatiug , pin cuols are 
 antee +O YOLMA aude, bur EO, OAH b wok 

hs for Hee fetetton of ig pivs in theiy bearings hin 
owe Whol the turning of the ends, These forVuning, 
which cloud b demole the diameter omcl width , anac - 
he fe weg tle oj tive column, ) not heing of homegencous OF 

- the wumits to be ombloved are ¢ Sheol fied. As the | ne 

waths become smaller Me valu of the breakins Leccel wen cf 

Ases Very vO. bidly , umiil it becewies larger than would be i, 
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$3505  FitxXVRE LONG COLUMNS. /43 | 
Ubtaiwed by using the tormenta fer tae crashing yes ishaace | 

Of shor block $208 viz. FO Le. , the sectional areca X, 

he dushing resistnuce per wit of area. 

Tn Such a case the pillar is aalld @aSHORT COLUMN, — 

amd the value FC is tt he taken a6 the breaking toad. This 
diehuction is wecessary in Using Hodg Ki nsen's for umiad ; 

ic. the bveaking load is the simatler of the two waiues, FC 

oud Hoot chtaimed by Hodgkinecus rule. 
Tu presevd practice Hoda kins. ons formulae ove lille used 

except for hollow tylindvical tron columns , bor whieh with 
ae Ona cl, ag Hue extervual aud inberual drametbers , we have 

tov Ued-onde | ae 
Drealting load in pany Eo (dy im ns ahi av in) mee 

of 2240 ibs, eath J = Const X* ice. feet) 

im welch the const, = 44.106 for cast ivon, and 13 } 

wrought , while nol]? fer éagt ivon and = 2 for an 
306. EXAMPLES OF HODG. FORMULAE. 

Example 1. Required the breaking weight 16 
ivow Pibe used as a& long colunin , hauing alemeth of 12 
fect am Imhormal diameter of J in. ond aM external oi 
Guns of AF inches , the ence hawina well tied Hat hea 
8. 

Tiwe had veqard sisaply tothe sectional aren of vnetal, 
Which ts F=t22 8q. inches amd treated the colLan 
ta asvort block (or short bolanen) we should have for ik 
oe ov preesiye load of tre elastic limit (see taiole § ipey 

See = 122% 94 000 = R44QO lbs. and He SOME 
load P' 40) be taken at 16000 ths. 

Rut by the last torwuala of the sai oxttole wwe 
Hane 

Breaking Wad dny _ co 25) = tee ant ae 
hows of 2240 beh = 34.0% Ra ea 
e alt ales X22 40 = 99720 1 tes ) 

DET -. [loq. 3.25} X 3.55 = 0.51883 X 3.55 = 1817 
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$306 FLEXURE LONG COLUMNS. fat 
flog. 3.00] X 3.59 = 0.477 121K 3,55 =1-693 779 

The cetresbonding nunhers ave 65.6 and 44.4% ; 

Veie difference = 16.2 hence 

Tv. leact in bong tous = DALIE2 = yy 972 long tens 

ee 3 /2 ®) Lhs : 

VJ ith wm M{oetor of sate” (see § 205) of four , we have, 

as the safe load, P'= 8430 lbs. This bedug less 
than the 16000 Lh. obtaaned trom the “short block” tor 

mula ,should he acho pec. 

Ii the avuas were rounded the sode Load would be one 

tiuive of Hus Le, would he 2810 ths. while with hin- auc- 

sauase end~conditions, we should ure one halt or 42] 4 lis. 

PXAMPLE A. Required the weeessary diameter ty 
pe aivew asolid ey lindvieal cast iron jn tlay with flor erads 

that ts safe loadranoy be 134410 bs- taking G as a foe- 
tow of Ssofety. Let d =the unkiown diameter. Using the 
propex devmula in $305, aud hence expressing the break 

iva load, which isto he six times the qiven sate load, in 
loxa toms we have 

134 HO X6 Mad (el in Haceiay > = : er 
METS, ae : 

: 355 86X16" 
ied LM inches] pale eae | (2) 

or | 

109. db = 353 |Log. 36 +1-7 XL0q.16 Log. 4&6) -- C3) 

"Logo = S55 Lf. 958278) = 0.551627 A =3.56 ins. 

This veoutt ts tor Hot ends, 14 the ends were round 

ek, we would obtain l= 4. 85 inches. 7 
307. RANKINE'S FORMULA FOR COLUMNS. 

The formula of His name (sometimes called Gordors 

also} has a seme what were tatronol basis thaw Fuleds, 
tu Yaat it iwivoauces Hae yracimurn wornial stvess in the 
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=XURE. LONG COLUMNS. i445 
ee pier Fees a ts plicable feacolunm ov block of muy : 

oe leuqth , but ski cow assumptions not strict borne 
owt a Heer , Huns whee davetrag some coretiicianis requir 
img experimental determmjugtion . Ft may be developed as 4 

Ay Lows 3 | 

; Since Im the Hot -endecl Goluwen tH Fig. BIS the widen Bhi 

. povtion AB, between the intieetion bolwts A and Bis act 
ee oe me ak each end by a Hrmsh=P, upt accompanied x | 

4 atear oy atress-couble , jt will be ‘simplex to treat thet. 
Bee ae ion alone (Fig. 416) simee Here trust antl stress-c0u. 

phe induced inthe section ot R, . ~~ of ABS, wilt be 
ss egual ta these at the Hot onde, 0 ie Fig, 315, 
; Let a dewoly the deflection of R rag atraiqut line 

AB, Now batling 1 the portion AR as a free body in 
Fiq. 317, iu the dlashe forces of the section at 
R, which vw oa Classitied iuto a niiform thrust: 
=pF , Bs vices couple 6 weet = ML (sce 
$204), (The sheow is evidently zee, fom” SE (hae. 
Comps) =F 6). _ Here », dewotes thre Law form breast wre 

| (ree awat of area) due to the uvi fe rm thvust, aad a 
sture ov heouslon (pex wit of atea) iu the guiehie 

—— tomatituting Hee stress-couple on Hee outernest pene 
ok owta ,ata distance @ trom the qraui ty OXis Ca to 

plane of Lex wr sig gs the section. Fis the total avea of te 
sechou. moment of inerka abewt the sord qvany- 

ity axis , 9. 

X (vert, cm s\=O gives Pa ~-~(1) 
So (moms ‘g) =O gives Pas fl . per fs 

Fer aww sechonu, nn, bekween A aud R, we wowd ovi- 
- deuwtly hove the some p, as ot Ry but asmaller jp, 

wimte Pu < Pa while €, 1, and FF, do wot chawae , 
The column heimg prismatic. Hence +e weny.(p+p) 
is on Khe concave edge at K and for safety should be 

ae 
Hy 
& ‘ 

apt hls Bae) , . ‘jax 
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HO More thon C1 g where Cis the Modulus of Rigs 
Crushing ($201) aud nis dfactor of satehy”. Som 

| ae (1) amd (2) for p, amd pg ,amet pulling their sum 
Beas. f° a Th. we have . ¢ oe a Me Fes eg 
We wight now solve tor P and call it the sate load, 
bet ibis exstomary a) Preset the formula woe torn Lil tox giving he byeaki Wa load the factor ef Safety be 
: ee Fyeee atber ware , Heace we shall male =| and (ae 
— wolve for P, calling it then tre breaking load. Now sy 

} 
Ca thal 

need 
‘e ae 

s,s 

the deflection a ts unknown, but aupposing it to be ae 
a pro povtionat op wt ede Pre 9 WE nay write a 
meee = St" » [2 being an stract wurnber debend ont cn. 
a wx Perevwent . \Ne way: als re write , for tony Oni evce , 

eee Pk*. k beimy the radius of qymtion (seo § 85). 
—— Newee, frmally ,we lowe from. 24.63) — Byeaking at =p = cE aaa Mile eats (4) ae 
tee Hat encle } T1144 oS 

a | This new i 4% Rankine’s for miule, ro. 

a Bu the some veasening asin §303 »fov Avound~ond eh column we substitute 2l ford; tor a ple and- 
| Squuoure column Fl fort saud .', cbtein ; a9 
«Breaking lead C0 a 
Dore tound-mded columns == TES HE @) < 

p= afgR ----@) (“he 141822. 7 Gee eS RL an eg 
‘hese formulae ,(4),($), and (6), wlike Hoda kinsonk 

Gee OF homogeneous fern Auy Con UGH Ent Syston Of ie © Gc: 
intts way tHueveteve be used iw them, meee 

RomkKine gives the aes values for GC and B, tobe 
— MBE tw these formulae. These are based on Heda- 

— Klusows <xbecuments. 

Brea king Load for 

a a jpim~ciud-square column 
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Cast J ite | Wro't ies Tim her vt 

SO i hd 000 is 

| (abstract number} “Ex H¢ ae 3 e See Be ae 

i these premceri call values of C are usec fF misst be 

aes nds 4E AS aA factor ct Safety te wyon 

a tent siractuces, 7 under moving teads ; 10 toy ttn 

308. EXAMPLES , US LNG RANKINE'S FORMULA, 
* Exam e J. Take the same data in eee ‘You 

os used as a CC lain as bs example 1.§ 506; Le. 

1812 fi. = le inches, F = % |r (35)" ae =1227 
7) tuches , while k* for & oasuuar CT cular ving (ike the 
: an Betion wey be put => tay \" (sce § gé) S34. Ut 
ches. with these volucs,amd C= 36000 tbs. per sq.in, | 
ea a= 08) ( for wrcugittiron), we have trom ce, 

; a3) *36000 — 30 |p (bs. ~ - a) =e oye | ‘ Re Gab £ [1.625] 

: This beng tHee ines load, thee adhe load mary be 

taken = ov of 30743. 6 lbs. , according as the 
Earache of hich the colminn is o trember is guicscent 
Sy subject to vibyation from moving Loads . By Hoag 
Bisons formula 33720 tbs. was oblaimed as & break- 
tag lead im this case (§ 506). 
«Bex roanded ends we should obtain (eq. £3 
= FR =16100. lbs. as break. loaol (2) 
amd fer an iA - BAH SqAOrE , €4. (6) 7 

i ‘R= RAGOE ths. a5 byeak load (3) 

- EXAMPLE 2. (Some as Example 2,§.506) Required 
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608 EXURE. LONG COLUMNS, /48 _ 
ay Rian kines fortuula the uccessary deameter, cA, 

be qiven a solid eyliudvical cast-iron pillar, 14 tt 
Me length , with rounded ends, that tts sate load may 

Bae $ix lowg fous (ie of 22.40 ths. cach) taking 6 a5 
a factor of safely. F = WH while the vatwe wie 
: is Hans obtamed: From § 247, Si Dig a full avcle 

B bont its diameter Ss Wet =a ey et k rd y! y 
 =76 al? . Hence “4. (4) of $307 becomes 
a ited & 

— (CS = FRE a) 

SP. tive breaking load isto be = 6X6X 2240 Ibs., 
ec for cast iron is 86 oe ths. per sq. inch, while 3 

— fabstract wieprldv ) = sere ; Solving for d we haw 

5 a the biquadratic equation ; 
d 28X6X6 X2240 Pak. 2BXOXOX2240X/6 X/24 

| 22X80006 | 22 K 60000 K 400 
a : &* = 0.641 (1£33.G2),and taking the Wpo- 

perv sign, finally , A =f224 = 4.73 inches 
— (By Hedqkinscrs rule we ebtamed 4.85 inches) 
— —- 50G. KADIL OF GYRATION. The following ia- 

hie ,faken from $.$23 cf Romkines Civil Evgin- 
ering , Gives Values of K% , the square of the least 
— vading of 94 ag “ Hie given cross section about — 
a Granity-axis Be latdiey the least value of k* i 
4 te implied that ai blame of flexure is net determined 

by the ond-coudititons of the column ; i.e. thet the 
 cehamn has either fiat ends ee iol oa” Tt ether 

end (or beth} is « [pon-joinet the column jsiay need 

te be Diced as having a flat-end as reqowde flerure 
iw om axial plane passing through the pen ,if Hee 
Bicayt ¢ of the pin ace firm ,while ag ve 3 Hex 
_ owing bibwe a i Pot ee pin chi es He 

3 ended at trot extrenuty. 

wy 

iss 1s = 

a a a 

Oe melee diets! = 
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i Ae least side 

07 FLEXURE, LONG COLUMNS ONS.” soa 
Jn the CASC of ra re. cell. the value of k* 1s slrsctly true 

Gr yelal infinitely then s shill if that qhickness does nol. exceed 

a Uy tt Textov d th we Sulticie nl teay 8 of ne exlero rameler , ¢ forny gwen 1S uffies nly 

h jor ‘pracheal purposes: erin stalements abb 

b 

Thin Etire Call i 5 eee ie 
Side = Ee h Fl ® 

Be etenmlay Coll FE ee hk ob 
q che least side to Se he 

Exterior diam, z= a 

Andes lyon of Rol Fe ae 2 

Equal ribs hs | Le Z¥ : 
‘e 

e 

a — 

Cross of equal arms ae geen he 

rae 2% 

--y.. com asa hillary, < | Ge ae x 

ke area. of web = B 3 k ere eee 
bt 6 it bath flanges = a A A B 

Bo. ae y 
h y) 

Trew. oe es Ree a ee ges 

Let orca of web= B; of flanges 
fy & A (both). hisfrom edge of flange to middle of web. 
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Bie ; “romfresstou members” 

s ef wrought-iron bridge taeses are Goweriihey Gowmpesed of seve 
 eXal peeces riveted togethers, Vax most eevsmon berms being * ‘ 

the Phoensk celui (rmg-shaped ,im seaments Jand Combi 
—wattiomg Of chamnals, plates, quck lattice , seme of welch ate ae 
shown im Fig. 548. oe 
> Expert neeuts ps Fath size columns of theee hinds were 

mode by the US Tasting Baad al the Watertown Arse: 
mat about [8D . | 
4 The Phoenix eoluinns ranged fiom &'™ te 28 fh in | 

LT COLUMNS. The 

s Vernal mk feorr fe HQ du the uidue of the rectio of . 

—— Nemata to Aiameber, The beaming beads were towad to be 
some what im execs pf the values computed tres Rankines 
formula ; from 1D to 10 pe cent. excess. Tn thee pocked- 
book issued by the Pheewlx covaltany they dee the toh 
lowing formula {ywrouqkt ivon) fer thee cotinens. 
Breaking loodim ies.) So O09 TRS Ee : hi 

tor Hat~ended sbi SEE ies pee ee 

where F = area va sq.in, , d= lematte , ged ae diarncker 

Dl he eee eee, ae ea 

ea 

—sfereul eaearmoers te sotesty these and otepr rebert experi- 
_ -eeatha ow Colas , but ad ave of the qa@petot Jorm of 
——«*Romaltimet. For instance Ady. Bouscoten ¢f the Key- 
so stone Fudge Ce. chicme Heal tee stremattc : Phoenix 
«celine %& best given by the formula 

Breaking lood ita ar e 33000 E 
tor Het ends : 

(F yeast BE we sq.inehes) 

The vaocmemnis of lnertia, T, amd thence the value of 
h*-- ] + F , tor such sections a those qivew in Fig, 
al . he found by the rules of 56 85 ~G3 , (see also 
S259). | 
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MPLE. Te is brobosed. to form a column by jolning 

) .. by lattice work , Fig. 31d. (While Hee laitice work 
elied en to couse = eames to or. oS one aii 

“® sad Dihamee, ee =~, Eta. 520 , ot which 
| these beams rust be placed , trem ceutre to cee of webs, 
7 hat tre Waloitety to Merwe chet be equal inail axial Planes, 
os 22 thet the T of the combpeund section shatt be the samme o- 
% bem otk Gvouiy axes. Fig. 320. This condition will be 

— Bulkilledt Ub Ty cam be wade = Lz, O being the contre of 
gravity of the compound section , amd X berpentiicular 
‘< Je Mere Ik welos pt Yee two equal oe, 

a F'= the sectional area of one ot the F-beams, 
& Ty (see Fig. 320) tks moment of Iwertia alecut its web- 
oat, I‘ thet obeut an axis “1 fe web. (These quantities 
Gon ke fownd im tee hand-book of the lrow company , for 
each gixe of vofled bean). | 
— Then the ; 

total Ly = 27, 5 and tot Ty =2(0 + (4) 
Eiee § 88 €q. 4) Ty theese awe to be equal, we write them 
30 amd sowe for % Ne eel 

_ [+t yo ee 
| a 

| 312. NUMERICALLY, sudsaose each ginder tebe ar Wh 
wach Maat L-beaen, PO Tbs. por yord of tHe NT Steel 
ane Trew Cy, + fii ta hand book we find +hot for tis 
beara i= 185.4 biquad. imches and Ty: G43 be 
ed. aches, while F'= 10.4 sqinches, Witt Vhese 
— wakues bu eg. () we Hae 

xe fet 8.6 ~ 9.4 PD Be es 7 tek e, Luches 

10.44 - dé 7 Seta id 
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§ 312 FLEXURE. LONG COLUMNS. i$.2 

The squove of the vadtus of gyration will be 

Ke =21, -2F'°=3712 + 20.88 =17.7 89.in --@) 

aud is Hee same toy om qravily ovis (see $ &4). 
As aw ADDITIONAL EXAMPLE, suppose the 

hwo T~beams umied by plotes instead of lattice. Let 

the thackkness of the plote be =t Fiq. 321. Neglect 
Hac vivetcholes, The dishamec a is known trom tke haud- 

hock. The student nay derwe a tormula tor x , impos: 
tvq the condition Hot (bia TL Joy . 

313. TRUSSED GIRDERS. When « he rizoe 
ti bdowa is trussed tm the mowner indicated im Fig. 3.12, 
wit o single post er strut under the wmuddie aad two tice 
yvods , s+ 16 subjected toa lLongctudinal compression duc to 
ted feusiou of the tie-rods aud hence to a certain ex - 
teut vesists as o column, the plane of whose Here ts 
vertical , (simce we shall here sappose the beam supported Lal 
erally) Taking the ease of uniterm loading , (etal load [W) 
Gudcupposrag thetic rods serewod up (by sleeve wuts) wutil 
the top of the postie cn a level with the pliers we know that 
the pressure between the pest aud he hedw is P= Ww 
(see 8273) Heuce by the 27 of forces (see tig, 322)ihe 

tension im @ach te~rod is 

O=ast= eB Reosa” FG ° COSK 
At each pier the herizowtal component of Qis 

P=Qsinea = 2 W tana et 

Heuce we are to consider the halt-beam BO asa” un 
awd~<quere” conn under a compressive force 
P= 16 Wiroact ,as well as a portion of aconttiwmens 
qgixder over three epucdisiant supports atthe same level 
Bia beowimg a waltorm load W. Tu the outer Aibve of 
Hee Coreg Mrous section 0 , (see also $273 amd Fig. 278) 
Le COMAPI ESS.LOW Der oq. tach de to both these. strain inepc~ 

= a eo on 
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5 Pepa : She areatest stress in any owter fibre — 

ae Peedulus of Crushing) per ut of oven, TY 
A we write p..) imstead OY Yu Mar quent 

16 WW tom of tus bead - Pp, we hawe . 

toy. stress yi 5 “Wien a ton 

$0 Column cots =P} | Wiens (4 @ 8 + 

Wile from § 275 eq. G) we ne 
* wax. stvees he p= 4 Wren ut. We 

(ke givder aetion = a a es 8 “FR 

¢ hy writing 1. oh + Pa = ee oa = a safe valae of CO vA pres 

iow oe ae , we = He 2 us. uation for Saje Load aq 

2s 
| Wistean (+2 ‘B- 7 ee ey ER’ a {i} 

Fi Ls the helt-sban OB a 322,e=the dis. 
_ tance of outer fibre frm the hovixontal \ quantity axis 
F Bake exoss sectrou , Sth FOAL us of qy mhow vt The 

Be. ‘tion. vet inthe SOME axts , while F > oven of 
(Be | ghould be taken frowe-the aud of § 307. 
4 EXAMPLE Tf the Spants 30 ft. = SOO in, the 

— ader a 16 iuch heavy I- beam of wrought | tron , 200dbs. 
the youd, im which C= of IF = 75 im-cleoa, F=20. 

DP 8g.tn., amd kK~= 35.3 Sq. aoe {taken trova the Trenton 
Co's hawd-book), required the sate load W, the strut 
being 5 te long. From §$ 367,6= 1: 36000, 
tami =15 +5=3.00. Henee 1 King the Writs i wd. 

| amd inch Yaroughout , and pulting R’ = 12000 tbs. jace sq,iu. 

| Sax, 25% Compressi ou ates we howe from eg.(I) 

14 X20 X1200 44650 lbs Ws IETS a eo] xO i 
Ss 9° 36000 ieee | eee i 

Lee 6. 39650 ibs. besides the Weight of the beam , 
4 

a Wut aa 

he a) it 
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eee FLEXURE. LONG COLUMNS. 

Let tie gtudeut design the tie-vads (and the strut) |. 

3/4. BUCKLING OF WEB-PLATES IN BUILT 
GIRDERS. In $257 inention was made of the fost 
that very high web blates in built beams,suchas f 
beams awh box-girders , wught weed to be shittenedl by 
riveting T irons on the sides of the web. (The girders 
here spoken of ove horizontal ones Such as waght he used 
for conrying a raalvoad over ashort spam of 26 ty 50 teil) 

Aw approxtwate method of deterwawing whetier slick 
stiffettimag is needed to prevent lateral buck ling of the web 
woy be based uptn Rankines formmla tur aioug coburn 

aud will Ow be given, 
In Fig. 323 we have, free, a portion of a bent FT 

beau, , between two vertical sections at adistamece abart 
=h =the haght of the web. In such & beam wader 
forces “7 +o irs axis it hos beem proved (8 256) that we 
may cousider Hu web to qustain all the shear, J, at any 
section amd the {laneges to take all He tension and com 
pression , which form the 'gtress-comple” of the section, 

These touples ancl the tuo shears are shown im Fig. 32 3, 
tor the two exposed sectious . There ts supposed obe ne 

load ow tas portion of the beam, hauwce te shears at the 
twe ends ave equal. Now the shear asting botween 

each Hamge auch the horixontet edge of the web is equal 
lu imteusity per square tuch to that in the vertical edge cf 
the web; hewe it the web alone, of Fig. 323 ,is shown 
a% & free body iw Fig. 32h, we wuastiysort two herinos- 
tol forces = J. iw opposite dlrections , mite upper and 
lower edges, Fach of fuse = J since we have trkene 
hovixoutol length h, = height of web. Tu this figure Siz, 
we wotice the effect of the cust Ling forces \s to lengthen 

the diaqgoual BD aud short the diagmual AC, patof 

those diagonals. making an angie of 45° with te hor 
Zw 

re oo: anaes pS 
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Ro WE LEXURE. LONG COLUMNS. (155 

Let us wow cousider tus buekling tendency along 
AC, hy treatug as tree the strip AC of sual width= hb. 

This t¢ shown iw Fig.3 24. The only forevs acting In He 
divecttonw of its leugth AC are the horizontal campencets 

Of HE fou fees J’ at the extremittes, We wary Here tore 

trvar the stripas a Long column ofa length CS hl ae 

(La sectional area F = bb, , (where bis the trick ness 
oftee web plate), having avalue of k* = ee (see 

5 304), and with fixed (ox Hath eds. Now the susan of 
te lowdgrudiual compoucuts ct thetwo J's at A is 
Q=2T' FX = TZ out Titec =X bs b42, 
aimee Me ewmaall vectongle cn which J’ acts has au area 
ok) * bwv2 , and the shearing stress om it has Guinea 

aity of (J + bh,) per wit of area. Hence the lonai- 
 fadinal force at each end of this long column Is 

ae) Goes ee -. oe 
According +0 eg. (4) ad the toble in $307, he sate 

load (footer ob satuby J+) fora. wropgnt-iyon coli 4} 

Hads torvn, witty Mat eads , would be 
_ ebb, 36000 7000 db, : | ee 22° eC 

36000" Tn 2 I+ TF0p ; ame 

Tf then, im amy portieular locakity ot He girder (at 
wrought~tyon) we tud that Q@ is > F ,ice. 

ae 9000 b to is > et + Gee NB)“ - - - 13 
if fly ; > i me 06 the S . ) a y 

thew verlical sitt{emere will be required laterally, 
[N.B. Eq. (3) is wot homogeneous but requires the use of the 
POUND amd INCH]. 3 

When tease are required, thoy are pemorally placed af tn- 

tervals equal to h, , {the depth of weh), ateng that part of 
Whe vinder vihere Q is >F. 

EXAMPLE. Fiq. 326. Will stiffening pieces be required 
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314 “LEXURE. LONG COLUMNS. 156 
ma bust givder of 20 feet shan, Decowthg a amafornt 
load of HO tous, aud having awel 24.2" deep and 
SM thie k a 7 

From $242 we knew that the qriabkest shear , 
Prna. s 43 eluse to esther pier Om Renee we tuveshacte 
Mat portot the givder first, 

Smox. =x W =20 tous = 40000 Lbs. 
ke Uo.) , row (2), , Me 4COOO | See h, —_ is — 1666.6 (4) 

witile , from-(3) , Sa amd bound), 
9000 X > | ET = 903,0 \- ~~) ae 

ce om 
Hence shift Ormd ag pieces will be wedded wear tre onbrou- 
ities of the qivder. Also, since tre shear for Huis dose of, 
leading diminishes slowly teword xero at the WAddlle they 
Wil Ge weeded from each end up toa distarec of 
1866 of 10 ft from the widdle. 

Hota VEL 

himear Arches ee Block work), 

315. A BLOCKWORK ARCH. is a structure , 5 pase 
Wing Gn Chening or gap, AE ponding , for shabi tity , upon 
MMe VeSistauce to compression of ths “biveks , or vowssvirs , 
the wateriol of which suchas stone or brick, {s wot sath 
able for sustaining atensile stain. Above the Vows - 
BOLYS ts usually placed a load oF Some character, (e.g. 4 

. ») whose Pressuie wpon the voussous will be eow- 
dimmed as vertical, only. This condition is not fodiy 
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$315 LINEAR ARCHES. 157 
vealed yeu prachce unless The load is of cul stone wilh 

— veriical and horental jon’ resling abon vaussars of 
_ cervespondieg shape £ 4a4 Peg. 0S 5 but suf fierently 

ars 30 ta warvant if; assim blian in the 

ory. Sym melry of OTY aroul 

a verlical axes wil LE, be assum- 

eg in the following frealment . 

Fro, 321 316. LINEAR AKCHES. Foy 
a ‘ vposes of theovelicat Aiscussion 

.. ‘the youssoirs ef Pic, 327 may be considered te become 

rE infinitely small Gnd infimite in number thus jor rung a “he 

 @tty arch * while velawniing the same shabes | thew dedlh T 
Te the paper being assumed = unity lat if may not ap. 
" : pear im the formulae. The jonls belween Them are 1 

4 the curve e| the avch | .¢,, adjacent Yousseins Can exer! 

q Pressure on each obher only ia The dkreehion a4 The Vavaqueret= 

 \me To That eurve 

«SIT. INVERTED CATENARY, 08 LINEAR ARCH 
SUSTAINING ITS OWN WEIGHT ALONE. Suppose 
4 the arfiniely small youssaws Te have weight uniformly 

 dustribuled along The CURVE swerghing y, Ybs. Yunrag 

E foot. The equiltbrium of such a shrue! rf, e $25, é 
4 x Crow He is af Course unsloble but The- 

ao orelically ‘passtble . Required 
3 A va < hs 2 ak the form of The Curry & whew 

E any os 4) ‘, equilibyium exists A The cia 

a Povnt : A be . dulions of equurbream ay €ob- 

¥ : 7 viously : \ “The heuer 
NY an Uw > oN : Sy pts nel pressure T bes 

ween ony = adjacent yOUuUSS OFS el. any best fa of 
a the curve nuasl he Tangent to the Curve 3 nar 

a v eds 5 Camsid ering Cn ‘poxlion BA as a {ree body, 

ep. pte oe 
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“3 37 LINEAR AKCHES ae 
er a err nerwineernne oe 

the vesul fant a H ab Band JT at A must Lalanee kK 
r) ele : 

the vesullanl of the | verleni forces (he. wer@hls af the 

glenenlary VouSsorrs } adwg, belween Band os 

But @ condilens al equa ler. ot 3 flex, ble wn axles 

te ond uniformly cord orcham are the very same (weeghts 
unit orw dong the curve) the forces being yeyevsed ty Awe. 

how Fig. 329, Instedd o| combression we have lewson 
‘ : yo 

LS whde the WV vediscal forces ack 

A Sy Rivas: Power ingleéad of OW HY {rom : 
zs 4 

the axis &.. Nence the cuwe 

; i an inverted calenary (see 548): 
© 

ry (5 : 

whe at equal tov 1s 

) % Meee | 
{+>OGu—el,e. o “pronto oF] 
eG) ; 

See fig. 3390. € = 271926 
Fy 330 the Naperin Base, The ‘para 

+4. ae meley @ may be celery imined 
by pulling Xe a the, hal{ shan , anael yu ‘Is the TiS | 

Then solving for @ by successive abbroxsmalwns, ‘The 

ior 2.0 vlad Thrasl, ov te, 1S. qe while if 4. length, 

of aver MA , Hang the Curve , the thrust ‘TY ot any ome 

A is Peatis 3s" RETR 

Fer aws the fare geome Yt Nay be inferred that Q series of | 

VOUSSarS of finite dimensions , orvonged S0 as lo caniaiy 

the colewary curve, wilh yomts “1 to That curve ame of 
eq uosh weights for equal coe ot are will de in equalibes 

AAR Aud moreover in slable equaliby . 

tam anv aétoumt af frelion , ane 

aud the finite wrath of the joints, PZ ig 

gée fig. 331 



eee yee pe 

es 

no My. 4 ; r 

pe ES: 4 

alt oe 

j a Be 
. raters eka aed oe : 

+ tet Tanase sh 

Of. ee ee as 

i 

*, 

Pas 

ARS 

Pate hee Ste wae 

eis Sh gyal 3S" Then 
Cc Ot ont Wie? ay ; i ie be vx 

i 
a ade fas hasage cae: as: 4 

ws 

eMas)- 



LINEAR ARCHES. | af 

INE EAR ARCHES under GIVEN LOAD} NG. 
¥ arches Ye be considered farther wil bel Neate 

Thou! weight themselves but | as bearing verbal 
ng loads (each wowoscar ite weg 

OLE MN. $F wea the for rei TE Jineay archi. 

yeguired) te qd the Taw of devhical d¢pin of Joad- 

< whieh tee Cry ea “aoa writ be be ae ilovacare, 

Pig, O92 5 4iven. the curve ABC 

or the | sil arch Tself required 

the forme of the Crary 2 MON. OY 

upber lamnil ay loading , Stack, thal 

the \ineay arch ABC ‘sae be im 

equiihrium under the loads ly 
ng . The leading is subpssepl hemo- 

ae ae os a yet debth ri ta babey + go thal fre ordain - 

a Zz belween the Two curves ave proportional lo The 

bev Sage er unit, Assume a herht of load 
the Grown ee tek YEG MAY ed the ea of any 

ait mm a tank of ne the Guaryte Aga. 

ACTICAL SOLUTION Since a linear aych under ver- 

ressures 15 wath Were than the Javersion ot the 

assumed by acovd loaded iw tha same way hae 

might be solved mechameaily ‘by expecimerting wilh 
a 5 Pq. 333, To whisk a 333 

ely Pethey heav cords, by bers’ : Mees eg io: 
m weight eae seit lenglh ped 

: Phoviz onal dislanees gpart 

ink m equdibriun ' By Wary inc the “"M, . Ni re 

ny n3 of the bavs aud Thar pomts | 

7 Ber dite we may fimally find the curve geught MNO. 
a AN TICAL SOLUTION. Consider the structure 

i A; S34. A number of yods of {mite tenath arety 

7 sirius, wind | Dear the weights ig ie eles ot The eon- i 
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$312 LINEAR ARCHES. f 

(60 ee See NPR net ert en ee Rat hain gis Digs i> = “eras 

- an Se ye He Cee THe it “g JONsS Rae Pretd exexling om Thrust fi againal the acl. 

oe rn arienoane pineesi 

4 ; hee “rt } , rey 
? jacent joint, She joint 

A Cmaain @d Separated 
fren the conliguous vac)s 
and heme free }is held 

eT ey ed aL YAR? by i G. 

oo ad th = Faw o Thrus!s i - t a wt? % LY PM he 8 and g with he vervheal S, i g. a. 

Shows the yolk A free | From 2 ( hor- 

Bp teat hee te! 4 iémd = Vs 8 
That ig Ts: i . io oO is Ve 3 Same foy ait the 

FousS and hence = ae the fhrustat 
thé crown ,Wwhere the rod ig henzont. 
xl (if any there). Nenee 

T= Ne a een ete (1) 
ip sin 
Now dvaw a ling ms 7 to T and wrile 2 Ceom pons, ~ 
ts m6) = 5. whenee 6% Si O° = o Site B 4 Civach [see (1) ] 

ee eee ee 
3in 8 Sim Q’ 

Let the yods of ry, 334 become inftrdely smoll aud sae kh aw ' yin lie i number ana the load conlmuous , in Yoda becomes 
= 36 gp clement of the linear axch. FP is the angle Wwelween Iwe congeculve as’s 6 is the angle bélween the Tangent. Tine and the verheal while P becomes The logd seslino ona 
amgle dx, or horizontal distance ‘between the middles of the lowe 
ag*s, That 1S wig. 336, y a = weight of a Curve een! 
of the Loading : P=yzdx ( The lamima af arch ancl 
Lowad Cunsederad {5 uly oy te “Paper , in thickness » 

’ ‘ uw = a conslanl = thvacst al erown OR $i. hee O', and 
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& 318 RINEAR ARCHES _ 16f 
Sn f = ds = pe , Comec the angle 

belween lwo Cconseculye lang evil 5 1S 
z= Theat belween two wt yada of 
curvaluve ) iN eALe eq. Q) beeomes 

ee oF ht 
i pP $n 2g Ax= dS Sen a, 

He Me fz = 
aie 36 SA ee a a (3,) f gue 

‘i rae SS ' 6 
Call the radius sf curvature at the as Fig. 336 
cYowy iin 5 and Sined there 2x2, fe 

‘ if > ; and 9 = 90° (3) gies rh, j hence Bimay be writer | i et 
Z= ae CS biome Meas Cae 

Sin 39 
This The law of verheg| dep tk of loading required _ for Ck pomt of the dinear arch where the tangent line is ver- 
heal | Sm@= 0 and x would = OO | 1.e. The Joad “would he infinitely high. Hence in beachée a full semi. eiiely for imslance cesudd nol he used as alwear are, 
JIT, CIRCULAR ARC AS AINEAR ARCH, As an 
3 © example of the preceding pre blew | ~ del us abply eq. (4) te or etremlag 

as, Gyc 3 Fig, $37, AS & Linecty areh, 
rn aa © Since for « ercle p 15 conslanl en 

=¥ ,e¢.(4) reduces t, 
Sern eS 

Sr eae ri ye a ee Fig, a0). 8 Sin? ) 

Hence the clepths af loaclime must vavy inversely os the 

cube of The augle G0 mode by the Tonag evit line (of 
thé Vmear arch) with the verteal, 
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$399 LINEAR ARCHES 162 
Te freed the depth =z x by CONSTRUCTION, Hesneeg 

2, gwen © berg the cortee dj the axeh prelang Ca ame 
make oh = 3 “ah tee a) ee aq The 

vet heal eepud hat =e seme pean pipe ae horzonl, te 

de ta reed Ca ab some paint < . Agam draw c@ “T Te 

mecing ad ey ey Then ac a 2 yrequred 5 a beng an 
ea % the Pees carck. Por, some the, ae waht 

orgies involved, we ‘howe, 

al ad Sw Ox FE suc O. smd = GE Sub sin O om 
B 

peget. tf ,le. tec e. 22.0 
tin 6 [see G) | 

220. FARABOLA AS LINEAR ARCH | To abpiy eg. 
(7) $518 Te o porshdla (axtsverhetal oes nec arch we 

{fevers vow The eguca- 

2 eae : 
. fi th ptt. al ie 

“so 2 ow o +» 

: ; aia E+ eal * 6 a 

a ap ae 
n€. ps 4 | + <a 

At The weviex 6 = $0° Sn 8 

~~ ee 
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LINEAR ARC ARCHES [63 
ee 

27=—- =z Zz, = CONSTANT e452 (7.) 

ae a. pevabobec tnear-oreh . Sheret pore Tre depfe of heno- 
gensous leading rust be the Same a gli peords. as-al Tre 

EY feown 4 ; 4.8. The loud % sere TOV aly dpslrthuled iis heor- 

i. ezonkal . “Ths yes lh kes okt Fase? beer: 

ond =" ave The yesbeclwe ae: 

owes pated {rom the fact nal @ cord arscunnes 

the parabol 3G. form oa as. lead (as ab | | 

|, prommalely true fer suspension bridges) 

43 unifernely dish buted herszonlally . 

(See S46 rh Stalks % Dynannes) 

~SAZl. LINEAR ARCH FOR AGWEN UPPER tontouR 

ne LOADING, The arch af | bemg fhe unlkwewn lowe con - 

Sag Given Yhe upbey curve or Pent lead and the | 

aeplh z a crown 4 Teqarred the orm leacar asen ue rf 

wl be tn Be ran under the load belween self and That 

sapper curve - In Fig 340 let \ 

MON be Ihe qwgn uber conlaur var 
ey - i gwen or assunred . 

| the Jwodurves MN avd BAC . 
The 2 quahion of BAC, 

befere , The a 1s cemee ener So thal. o any pee 
¢ tig proberlional To The <orr -arens, belween The 
tures , C Umly Trckness i To bober, Now JF q. SAL. 

, Two pee as ae *s of hi 
er a arch as [wo lwks or couse 

alive blocks bear cit lhety junc: 

ret whch k denales the heaviness 

aay weight of | & Cubie url of the load- 

img. Tf zy itn oe are The thrusts 

lan m the led aP < p(t Jax 
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eG IG Aa eR te 

' exerted en Reese tos Two blocks by ther neighbors (here s<pposeae 

F: ot ath we have ‘ice forces AP , 1 ond ue pe 

pie ‘ester re. equeldorie . ae from “SX =9 

a ind T cos ¢' PR EAS, ie 

Rey O qwes ane } sem = AT et 

Fram O) 4 appears thal Yeusd = ger’ ak oll pois 3 of | 

q Ferusl at the cyown = A. , whence We RAY wrte 

eae ay car T'= H+ esp 
Subsshlling from (3) in (2) we oblast 

¢ , (tan $- tang) = AP AS See (4) 

Bat Tou b = = amd tonp' = beh ee ao 

Siukedle aY= fas "ax, Nenee s pulling | or COneenveeen 

He ya a? Beir 9 Imad Side of wn + ray f uUare oT fhe 

Biter whose a = ide crud whose ee =e 

_ ee eae ‘Ss. (Ss) 

as areabon beg re any pot ral the \near areh wick 
4s To be.m equili wm under the lead included belween it- 
set cad the Gwen curve whese ordimales are 7” if 9. 340, 

S2R_EXANPLE OF RRECEDING, VPPER CONTOUR 
A STRAIGHT LINE. Fig. 8342. Let the upberconlouy b< 

| a nght ling and hevzonlel ; Then the 
z* ef eq. 5 becomes zero al a 

ponis of ON, Hence dwh the pre 
of z' meq, 5 and we have 

32 i 
SS = at Niudtesdy vi ing 

with. by ay 

LINEAR ARCHES _ 164. ; 

the Ymeay arch Cyst GS wet found in §& 318 ) and hence a the © s 
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& 322 LINEAR AKCHES 16S 
Sa 

we obfam dz ay CE en ee (6 ) 

ax " | 

This berg Frag of the, Zz
 4 d*z ord AX s{ each e}- 

emenk cf the corre Y iS wise equahion 1S desived , eeu - 

This gives 

cewe jt wriller: oul (or euch ctemenl beFurcen. O° and any 

‘point am and put The stam 5 the left-hand nembers of 

these equctans == t5 that of ing. veghk- howd members , 12 

membering That a evn ax ‘a are Tre Same fereath el ei cual. 

Lez. 2 y Aes, 

' aux &z : j dz wins ae 

Beeme =A \22 sit gots 
q =~ Zz. 

= OQ bp o 

z 2 : AG | 

Tnteq raling 7) belwees O° cund mey 

ca - 

a OQ 7 te + {= 

I> fi “Se #5 

fz) rN a0 Bah ad suas eee a log, eae (3) —| {3 oF &= ms es e j 

Vhis curve 1s called the TRANSFORMED OAT ENARY 
Sine’ we may oblam as from & corrttyton colenery by aller. 

trey ei dhe ordmales of the lalley ma comstanal, valse , just 

QS Ar ellipse nay be alelawed from a-trrele a if wt e9(7 

A were = 4, the curve would be a commen cat ‘ 

oll Ze and the Co-~ordimales X, and = of 

jhe poral (abutment ) Gwen, we may compule ay from 

my 8 hy pusklong X= 7%, aud Z = 4, AMA solving for 

a. ex the grown -thrusl H = at becomes Known. 

and a canhe used in egs. & ov 7 to “plot bors 

wi The curve oy linear arch | From eq. (9) we have 
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GOmn i = fax alc dx 2 ax| = ae = & ie (10) 

different jorls of the linear arch see Fig, 343, we have 
eg ’ % crown Forest oy pa, a) 

we 

oa und at any jemt m he thrust 

he | Ht+(yA) =Vja'+ A* 

te 
~ 

323. REMARKS. The fore 
ading resulls may be ulilaed with arches of {mile dimen- 

 Sioas by making the orch~ ving confain fhe imaginary biesr 
arch and the joins “| to fhe curve of The Same, Ques- 

Tons of frelon and the resishersce of the maternal ef the 

voussairs ave veserved for a succeeding chabler, in which 
wit be advanced a more prachical theory dealing with ap- 

broxiwale Umear arches or equilibraum BOnS as they 

wall Tren be called. Shil a study of ex linear arches 
1s veauuuble on many accounls, By inverling the ungay arches 
sc-far preseried we have the fornrs assumed by flexble and 

tmexiensible cords loaded in the SAME WAY, 

CHAP Vill hen at Gaapuical. Tatres 

$24 DEFINITION, Jn many respeels pee precess- 
es have advanlages ovey the purely analylical . whieh re: 
commend thei use in many problem s where celerby iS 

desired without refined accuracy. One of these advan: 
tages is that gross eyyorS are more easily defected, covet 
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GRAPHICAL, STATICS” 167 
micns of the forces , dislonces, che, ave 
o OS Eye | in The drawing, thal the Bek ae 

Ete os a ven Cacnge, wt the: ache cctr, readily be 
ed a at ae 

Aid = ae “ C= Cea omaw 
ye 4 ITA Ete es ee e Seslarn e | qeomstniel 

aly : it tae Eh i+ > a = ee meen 
ik eos = fe Lgl ere va Earns ners ey ee ee = sn 

? 
a 

ue tl yecull le 2 es, brefed ae Same Seale |= 
; thal used for the dala, The paral elograr of fore es ns 

the . basis ai all conshruelons bs combinin if and bg 3 J aaa fer ees. 
. 

"B85. FORCE POLYGONS swo CONCURRENT Forets 
[APLANE, Tf a mcr point is in equilibrium wrdey 
ee. forces r P and. Y, Ci in the co plan< ‘4 course) Sa his 

a any one * of Them ,05 P must be e Vand eb- " ey 2 2 oe 
posite to Ro the vesullant of the other Iwo (di- og 

“P agonal of Thery pa allel oeram), Yr how we lay on 

> off te some convenient seale ale ta Ag. 345 2 BY 

Te vebresent P. aad thot Fe th Fy. S44 
ana hex ihe pemled er of r. a \waie oe ae 

must be = aud ll tg c , since that trars 
qie | is nalhyng more than the left ~hand half- 
Parallelogram of Rg, ee Also wh B45" 
to cose the Triangle ‘properly the directions of | 
the arrows must be Cortlwnucus Point te Bury; 

ual and 4 te P and laid o off nlin ty 
the same ot : ees. thal the jae 2 ? _ 
manuing le elese the tnangle it Fig. 34S 
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megeo GRAPH. SEANTIG ae 168 
Ap erect EDENTON Ae 

round The perbhesy, Fig. 345 j9 called a FORCE POLY- 
SON s ef three sides only inthis case. By means of 2 quer 

ANN Two of the three forces which hola the pout wn equliert: 

am , the Thavd can be {ound | being Equal ana Wi ‘to the se 

metessary to” clese” ihe force polyger. 

Similarly | ¥ a number of forces in a blane helds a tea- 

tenal pow in equilibrium ¢ Fig. 346, ther force polycgera. Fig, 
ae, rast close ; whalever be the order tm ywrhech “sks gydes are 

Pp drawn, Ft 15 mov ae t,  P - 
é = ee a convenviert hewew- 

P a ye Se \. ev, lo follow the order of 

$ oe y a at per A The forces around the 

Ba, 346 Fig 347 pont O. TT Peg, 
is the unknown force which 5 le batance the olher four (ist, 
is ther arts resultant) , we draw the sides of the farce pely- 

ger from A round te B ; then The ne BA represents the 

required o. in amount and diyecken , MNeE the arrows BA must 

fellow the gonlinuily of the ethers ( point & butt) Fig, 347 
af the asrow BA were ea at the exlremily ba os then it 

gives , clrieusly ; the amount and diveclion of the resullant ef 

The four forces eens & he foregoing shows thal. if a sys- 

Jem ¢f CONCURRENT FORCES IN APLANE és im equsihrs 
tia Us forse polygon must dose. | 

826. NON-CONCURRENT FORCES JN APLANE. Gwen 
&. SySiem of non~concurrenl forces in a plane, aching on x ngid 

body, required graphic means of finding thew ‘re sublamt, 
owd aclisyesullant ; alse cf expressing condilions of e- 
quilibriuin Vhe resullard must be found in anount amd 

daveclion ; and also in posilwon Cie, Hs Ime of aéhon must be 

deleymiuved ). E 13 Fig. 34-6 shows a curved rigid beam Taxed 1% 

a ¥ise at ce and alse under the action of forces P ? and 

* i A } Lan Pw Fol ss ; santa wie 4 ( eesices The - action oO ime vise \ +4 veg avec ine resailael of 
4 2 ee ee ~ ~ 
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S326 GRAPHICAL STATICS fous: a Nt EEA LLL ALO OCC ALLA ALEC IEA ALLEL LOE DDI AA A A RA A a, SS aa ? P P and ~~ 
Fig, 349 ie ee pete E eo Bee BALE ng © BY the onbon ) ; a é R : p “Parilleigess _ jerwes 

: we wan beng y aunt 
FP wa. ‘The dep ese. 
& 

a section of Hes Nines 

; x F of actor | IPE rae 

sulted RK. : then oe vivth, . ot b, te fori Ry ‘) oma 

finaly Ry ih Rate t it R, eee bd 
Bid” désred , te of R eee ee Saad ec F 16 is + 

) 4 action. The schavale ae triangles (elf posthoc 

SN by whick the Suce €sSwe parhai resultents ae de. , ere, gh 

Taaned are a drown | in Frc, 349. Mags Sdice : 

acting we “he we me 
i 

R % K E, 5 Ca. F . oe Mh 

Pp cases ncrm none ‘ R y P the on a of 

/ a8 eee ’ is plow. 

i (a) (>, (c wa nv f — R. 

eq. 344 
mg ae Cie 

hel te Phe OPPOSITE diredior pane helanse F he 

Thel isthe forces PP, F and R wide Gian 
systems th equalhrnum . the fees Re tren , represenis jhe 

acliot of the wise ct T uben the Secu these replace 
fre wise by the force RL admgin the Wine Flic, to de 
which reguares us fo imagine a rigid prelongatien of thel 
end of The beam to inlersedt Funcc. This | " shown Me he. 

$30 wihere The whole beam 13 FREE ie , odd is 

| ly he came stale » stress, for par t as in 
Fy 348. Also by combining in one FORCE DIAGRAM 

' . i, ali the force tangles af Fig. S¥T (+ 4 mak. 

¥' esmon sles co-~ incidé , awd. pulling R asiéad 

ees yond nBKing dolled ail fesene alee ‘i ' | 
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B50" we have a pyaar salevbveled fi in Conner 

| with S58. 

Fy, 356 

Fine we nole dust, thet mm the {egure called a Force Dea 
gram , *? is . 4 * ana R. a ¢losed polygon and thal 
hen arrows *fetew he Same dieeclion s boint k to belt , avoid! 

the: peruneters whith proves Hat Pre pee E, a = wlio 

fe a sysiem of nen. concurrent ec wr a lane Ss pee His 

_ feree polygon (Oa° be?) mest Next nefe that aris 
2 yg lo Oar, and be A C' b’; henee if the {eree “~ ve 

25 beew ion (Carcasding Re RAYS, as They are Coiled, 

a Ob'),; m order te dclerenme te manent avd direelon of ie ar 

es cnc we may fina the Ime f ation of R su, | 

SPACE DIAGRAM AS wie Ma all the {igure showing fe 

6 a True seale the foren of the riged and the lines ef actros 
bat tee foress by ry drawing from - the inlersechin of FP and 

x ling eb i te Ce! Te minrett P, ot some pemt bs 
then be WY Ob te iwlersert “ PL ate 5 Then 
—eF 8 te Cet wat be the yequived Tere of orton of g. 

“the ark reswlard of r a ¥. ond P,, : bik 

— abe 6 called ax tau tORim - — POLYEGN, This. 

one hes bul two $¢ ge miertis - ab and he { 4,3) the ines 

of acter ot P ond Re ray alse be MEL SIL 3 as seamen) 

| the segraents of the equilibyiermt pbelygen ove TL te the 

| respec Tans af the joree diag yar . : 

* 
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| $326 GRAPH, STATICS _ ka 
Hence {ov the equitb rim of a system of NON-CéN- 

CURRENT FORCES ma Plane ‘bis necessary nl only 
e. that ‘ifs force Poygen must clese , bul also thal the firsl 

= and last segments of the. corresponding equslilyycum polygan 

> dhall co-incide with the resultanls of the first lwo forces ae 

the last Fo foyees. ~respechvel of the syslem.  E.g. 
a  go- uides with the line of ep of the resullant of 

Po and ¥, 3 be with thal of Po and Ri Evidently 

“butt” of ihe first force iw The Eo polygon , there will be on- 
1, cone: (aud Ths one wall 

LIBRIUM POLYGON” m the chapley on arch~ribs , axathe 

“Yue linear arch” iw dealing wilh the slone arch. Afler Ihe 
RAYS (dolled in Fig, 351) have been added, by joining the 

pole tech vertex willy whch ib ts nob tina ad 
The final fegure moy be called the forse 

| igaree somelumes be convenient To give he ramet ¢}) ways 

fe The. Iwo forces of the ks arene whic meet al the pole, 
in which case the first and le segments of Theegorre shone! oa 

ing egal. polygon wall comeule with the lines of aclion of 
those Forces in The SPACE-DIAGRAM Cas we tay call 

the vebresentalion of the body or shuchiuxre on whe, fhe 

forces acl. Vhs space diagram shows the veal freld ofac- 
ic é The forces, while The force-diaqram jwhich i be 

fiacec m any convenient bosilion on the. y, shows the 

magniludes “and drvechons of the forces acting we The form: 
ey diagram , is ‘lines herug ivilerpreled om a séale of somany 

‘ibs. cy lous To the mck of paper's i the shaterdiagram we 

deal with a sede af so many feet lo the inck of baber 

Ve have yast {ound Heal if ouy verlex or comer a the 
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“eq - polygon drawn tn The space ae i 
seamevts of the laller polygon pe a C0. aoe he tod 

3 classy Them thus). It remaims to vlilae the principle. 

WALL The graphuc rdalions just found imay be trade - 

The means of sohvin roblems involvnn non~concurrent for- 

ees in a plane, when re are most three anknown guay- 

- ties, A CASE is now loken {or Deatnales 2 Fr. 352 shows 

Be a rod hinged al o, lean- 

Wy against ron sie 

yerhica) wall af B, 

yt and bearing Two 

y. “eade® Required 

the the (hectgenlel ae 

H~ of the 
= aud The hor- 

direclion and Belloc d by its compenents tn — 
aoa We “ey pare subpose the problem solved, 
erie he method of deleverevtag uv 

Keown from the Known barls. The force boly gon (fi 
Wines in foree diagram) consists of lines laid off end lo 

pat = sysier | an the a ie - A, q, , Gq. 9 cd 

S — this force poly gon rraxash ‘lune feito the 

326 § GRAPH, STATICS © aa 
| oS & . Force polygon. be faken asa pole, and rays ee from " 

3 2 all The other corners of the Si and « brig. es 

end lect jorces ascording to the order adopted Cor with fhe ) ve 

Ace, , ef the frst To and last Iwo, if more convenient 

$27, LOADED Rob LEANING AGAINST A SmocTH © 

Bie ap icote Pe oe 

VS a ee 
a oe 2s 

Lae» | ~~ 

ee? 

3 end, Sind yespechvely ths aie ‘ (te scale ) Te 7" forces ; 5 a 
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ce, H at reust Terminale in Q, othe butt of the first 

6 Vs and the arrows must hove a conlinueus senes 
BR ball round the belygoa. For this closing fe take 
2 ib is evident that Hy amd H' mast be coual in ameint — 

isi ebbosile j mn diveclion + “Eyes that V_ is equal he ammount 
te G,+G, ,amd abpesite te them fe direction, aa 
EY Pov ing > Wwe analy heal condilians ¥ X= © cand S50 

ae Now commedt ae as a pale, with. all the verkees af 
— feree-pelygen wilh whieh 4b Ye ead already connected 5 i.e, 
ae the RAYS ©, eae a red & 7a Feeo 1 Wiss a 

t ow the forces i t. mq lO, , may alse ' | 

| gle ll Lr honey wage a 
ee Dine ac Ni Te the secand ray ©... % of 

the am Li alpraups, te miersect G,» the e Fe whose a 

walt the second ray hes been drawn. “This second ee 
pent of the bare ie should slnke ¢@ , the wilerser. 
. ef ¢ space- diagram (if not, the 
ys m 1S . 0. ne pee 

Pon: lena th Ya: wes The amount see 

the Bee Gat i Y fa 4 igh eee an the ‘space oe 

| | siagra is the Wne of ache achon Re ral vesullant . The leng fh, 
—Sa 

ote Second 0. Me ck Grees the arnourt of the rem 

“sultant a m4 see &, 5 Huss may be called the seé- 
end et” re i aud has ae for ts lane of ac- 

4 tea; And so eri for more forces, The last “parkiad e~ 

, salen must halance the vesullant of Ihe ane or lwo | 5 
Bo oraning re - In this wm slance 0 ess gq . , The Ten ” 
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ee 

sultant et v a and Gi, acls along AC aad bajances 

the yesullant of HW” ana GQ, acling ab ¢ 3 or,f we 

7 Consider 0. se 3 asa yay ,we may say that 0 ne (point: 

ing Toward the right ) the resullant of Vid G Cirad Gq 
3 ee Oo Py ‘ eS 

acts along eB and balances H , aud then we would con: 

Sider cB as the last segment of the equil . polygon. 

i is evident then, thal the seqmenls of the equi] Jooly- 

gon are the lines of action of the successive parla! vesw Tanks, - 

| whose magnitudes must be taken from the corresbonding 

 payallel Yays of the force diagram . ; 

. 2 vow proceea To cul how the unknown paris may 

be constructed from the Known, the loller betng G , aed q, 

Chek faoount and posdion ) aud the lines ef aclon ef Ho 

a and Vv, . ‘We Can therefore , od, the outset , tory off only 
Ihe lwo sides G, and Gy of the force belygon Wt the force 

diagram and indefinite horizontal Unes bacm and lion 

in The lmes of i And H~ Now shal) we Aclirmine Oy 

the pole @ 5 

Tf we ConSidey that the yeti bord f q, and G, musi 

“balance that of As H and aa In clher words that the re: 

sult of combining H- wilh the resultomt of V and R wil! 

be a force “passing {hragh the boint f ae equal Onl 

oppost e forthe resuliant of G, and Gs: is evident that 

The yesuliant of G, and qs eet inleysect Ho at a aud thes 

ddermime dO the divechon o\ ad the {rst segment of 

> the equi, polygon. The line of aclion of Ths resuliant (of 

GanaG,) 1s most conveniently found hy the next para - 
graph (3 8), and The line of aclion of H' is known, Nence 

d is delermined by They interseclton. Then by drawing 

Through the point ft of the force dLAPram a ling \\ to 

dO , we Aclermine the first TAY aud the POLE , 9, 5 

weiieh 4S the inlersecliou of act with oe 5 Oi “With 

0 now delevrmmed ib is a simple mailer fo {;)! gut the 
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‘oul -resuliant yer force eck we “balene them. Tr artis 

. rrount and. ‘pesilon. Wes atnedc ie 
is required bb find pt oie. fwe ge must forearm 

8428 GRAPH. STATICS 175 
< a ‘ e* is eae il ; . . ‘ . 

deree chagrarm by drawing ¥% and ft ‘\ te cir. Fe- 
ne - ¢ re one o — * 

syetlive dyrections ¥ and the yay O Pee ~ : The equil, 
ta ~ ff. . ‘ . 

palygen 5S also quickly eauished te Qe mani breviously 

explained. Then the three unkowns Vo H. and H” be- 
; MO ae ‘ res i, a | piel) 

fom € Keown graphically, and PRAY ba oe $calea oft ALL TENG 

(te the toree ~ scale adabled ) ia The force diagram . 

325. TO FIND THE RESULTANT OF SEVER 
AL FORCES IN APLANE.. This might be done as im 

3 S26. bet “Since frequenlly a gwen sel of forces are bay- 

alel R OT nearly $O, sbecial methed wl. row be Bien ot 
areal conventence Yn such cases. Fg. aos te J ae 

d ‘ A : and F be 
s ae ae 

. = , Ae Gwen 

“hae forces ‘ 

‘ th whese ye- 

aX Sedant 

. f iS 2 

& i quired. 

Let us 
erst 

‘ S ~ di crt OQ pace se Se ae 
- 

resuliant may be concéwed as decombosed inks Two Cone por - 

ents Pant PP one it which | say 5 oe }s aybilrary in a> 

then pat convenience , it 

balanced syslem hence 1{ begiunsng QO, we lay off alme 
OA = P by scale , the Al =f, 4 Aud So on ( bomt te butt) 

the line BO necessary To close the force polygon is = oP 4a 

quired , Now form the corresponding equd, palygon uv the 

shace diagram in the usual-way yiz,: through a the inte 
Seclun of P and P. ‘draw ab \} to the TAY O. 7% 



> . ba, 

wei es a Re at: 
x we C3 

7) A © rn , 4 
Na é Tn, le : mek at ew 

io. ey Oe awe 2 eal ee na Wee . es 



3 3298 GRAPH. STATICS , 176 

~ Cwhich convecls the pele Q, wih The jy the last “force 
mentioned ), From b where ab inlevsecls the Nue of Tas 

draw be , fl To the yay Oo i Tl ib intersects the Vine 
Bee Qiine me drawn threugh e and i & the 

of the - foree diagram is the line of aclion of Y.. . 

~— Now the vesudlant of P and PB! is the ant. ve sulfant of 

P on and -. sas rod , fhe inlersechion of the lines a P 

and P” 45 a point in the line of action of the anlisyesutiondt ve- 

. guirvec, while tts direclion and magnitude are owen by the 

Mne BA im the force diagram ; for BA forms aclosed 

peiyqon both with P Pe 5 Aud with P p*. Hence ov 

tine through a ll to BA , viz. de , is The Woe a acon 
of Vine anti- resullant (and heuce of The resultant } of b ‘ Lee : 

Pince in this conslruclion P is arbitrary > we may first 
choose 0, arbitrarily ir a convenient pesifion yO iM aul, 

a posilion that hy inspeclton the segments of the resulling €- 

quil. balygon shall give fair inlevseclion$ and nol pass off 
| the paper. TY the given forces ave parallel the device 

© of inlveducing the oblique P oma’ is guile necessary. 
Be ‘The Bar’ of This construction may be staled as follows , 

Grecardin? OA and com as segmenls af the equil. palyaon 
aswell as ab and be): IF ANY TWO SEGMENTS OF 
AN EQUIk. POLYGON BE PROLONGED, they inlersechen 15 

& point in the jine of aclion of the RESULTANT OF THOSE 

FoRCES acling at the verlices mlervening helweerr the gwen 

seamenls, Here, the resultant of P ve Fe acts Ihrough a. 

329. VERTICAL REACTIONS OF PIERS, ale. Fig. 
35%, Given the vertical fovees or loads ied A ond P 

acling on a regal body (eam or Truss.) whiek is § p portea 

by Two bers having Smoslk horizonlal suy| aves (Se That the 

veaclions must he vertical), required the reactions Vi and 

a of the prevs. For an tuslant suppose Ae cmd” ‘ 





GRAPH. SIA 
v ) ney are i equil, w wih EB P aud Bs : 

(a) fs Goes ch) Fane ie 

a niveduction of the equal and opposite rae Es ‘mae Rs 5 2 

i game line wilt not distur) the equilbbrium , Vakiisg | the seu- 

forces in the ovder PV P F, P, Vv. aad P' ae , hes 
— balygow Sormed wilk then wall aes yA Cb) in eq, ; if 

3 a the fortes whck really ie ah the same line ave slightly : 
i ated). With ©, the bull of Pas apele draw the 
is ays of The force diagram OA, 08, ele, The Correspending 

; qual. polygon beqins a @ “as, Kiana: of P ond V1, tre eee 

i Tha space dsagram, and $ at n the ae emer a: of “p! of 

_ et V San an, Now Stace bide. od act th the seme z . 
i. ne AID musl i thal Tme and must i bb Pate 

‘ of the force diagram, Since fhe arnount awd drreclion of 

% Pan Pp’ are arbiLrary , the posilion of the fe re iy 1S arbi. 

. 5 ary while ag pate Be are. the Ag €s ‘known in 

“advance in the force ais 

A aa Neuce =. urd Ee May be adermmned a: Ss Tollows : lay 

9 : the gwen ase hea ol 5 Ele. in the ¢ rf Ther 2¢- 

currence in the Space as ‘To form oN “Yoad-line ” 

i AD (see) fq. 35% Jas a begin nila for a forcediaqmm: 
Take any convenient pole Oo, draw ei vay S- OA. OB, Oc 

auQ\ OD. Then begining oe auy Convenient bank a ‘uc the 

Pyedical line confarming The unknown V, draw ab \t OAS3; 

" be a} te OB , aud So on, untd the lot seqment (dn i i on 

am case ) cuts The verlical conlomnine ihe unknown Vo i 
> : 

> ae 





TO A ROOF TRUSS. Fa, 355 

§ 329 GRAPH, STATICS ibe (78, 
Led REMme boat 7. Join EXT? Gris 1S Some! mes called a 
2igs ay inte) « and draw a j] tS Ne throug 7h O oh " 
ram. 7 his. jast Soa wisi tal the’ nad -lne ” 

Some poral #27 5 Bud dride Hb om bes parts, which are +e- 
: Spec hvely m Chel” se eset 

CORGLLARY . EMidenily for agwen syslem of loads, 
Mi dwen verteal Ines -acken youd for Twa eo pers, 
or abutments > Raving Smmool Smmeohh troriz ont) suyfaces | th € locas 
Ton of the ial a On he tact’ line “3 INDE PENDENT 
OP THE CHeick oF A map 

OF Course, 4 Trealuig a Shresses and defiechou of 
ron hody Sey owe Yeft of of account, mn. 
Ha Timccry and Seyvrm: only a Tevaber mbtrayy purpose, . 

930, APPLICATION OF FOREGOING PRINCIPLES 

WwW | ; , 

i 

a Red 
pe . 

& 

4 at : MW, and Vv, are 
. b . “pale p : : Wairid pressures, 

anes \. 5 oR tee RL are 
© - . : loads see the ; 

pore oe ‘ reac ex fern- 
a. clestng Line Ae oe forces are the 
4 * ; = * reachtons ,or 

’ ; ‘ 

. 
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supporting forces, V ae aud Ho, may he found by 

preceding $9 .CWe herve suppose that the right obuliment 
furnishes all The hor 2enlal FeSiSIaNLE | Hone at the left.) 

Tay off the forces Cknown) W, Ww, P Oval ie ih The 

usual way To form a perkon ef the closed ferte polyqen, 

‘To close The polygon it is evident we need only draw a 
Theviqonlal fhrough Sand Vit ib by a verical Through 
4. This delermnes ie hut yb yemains fo delermme 727 

the ‘pemt of dwision. belween Ae and V _ Select a conven- 

jent pole Qo, > And draw rays from ke Le se 

Assume a convenient Por Z wm The lme of Vo in The shoce 

diagram : and Through it draw-calme ft} t. 04 To meel 

the Wine of W, ie semeboit bythe “ * "O Qos 
* as a Le n or, tae C3 ae thre’ & Hc rey 3 Sena | 

ES Bee 
ie ak % a4 cit aes €.(e 1S idenlea] with A, since 

P onad 4 ore in The same Line ) ; then ef le 0. oa 

eet Hin smefomt f;  ° fe hos 

Now jorn ay ; the “dosing: line rs avd draw « }\ To it 

Through ©, to ddlewnine n' | Ihe required poml of dwisron 
belween V, Gna WT on the verical 16. Neuce ae anak V 

Gare now defermined as well as Mo ; 

The use of the awrbi brary pole GO imbhes the dave. 

rary enchloy@tnt a pony of obb. and equal ferees 
ate, a a, aaglegse of rats Lage A We. 

LhLaw now ol the exlernal forces acting on the Yruss 

“we proceed lo fiad The pulls and thrusls 4n fhe individ 

ual preces jon the foll owing plan. The Truss bemg bins 

connedied neo prece exlendin beyond Cu cin’ cmd Ol loads 

bemmg considered lo actdjoinlS the Pe pat ov Thrust, 
of each precé on The joml of erther exhem@ly will be 
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: .. ef the piece , :. @.. {ih ‘a Known divedhon 

the fir cf sea joint iS We hepesithy tulet under a sys~ 

at the jot car) Tre pulls rad Thrush exe ried por | by ie 

ft : guard there. Hence we may apply the ome of 5 

ie 3 p> teart? | eS Fg. 

oN! 

ey or ) ) Ae 
‘ 
bi ae 

é Rei at ie nd ae reli. the various yorce pol 3, wee prelng + 
a In The space diagram a capital lefley [A BC an Mes tach 

rianqular cell of the Truss, ond also im wach, v Space 
aw Nhe oulside , quiline of the Truss Abebvern the external forces 
aud the adjacent trass-peces. Im this way we ean sheokef . 
2 the ferce Ww as the farce BC 4 Ww, as The force CE, 
Dwr sass ty Ihe preec x re the ‘fovee CD , amd so on, 
: PPh ok (By the stress 4 th any one. brece tam be rei: fren fhe 
4 : —. tw The spaces bordenny #3 Two sides, Cao 

va of con current forces consisting of the loads ( if ‘4, ‘ 

RA, aaa," s at, ‘tndlalion will be used «the } 1% os follows | 



é . 

’ 

® 

emer Bel hateredeshney hae! pit 
MS : } aN A . ii i fs 

+ ee ; < - j ‘ ré i Ath ~ hy ‘ ink wre . Ae au F 

i 4 oh) ie Bg att Veh oe a 7 eas Rios ot oe gen Mantes Veto are 

if. CR kere 

vit i S POR a it BR ie ee a: eee ad a 



PORRPM- STATICS - ° eee 

 Senadl Véllers wilt be used at the vertices of the closed fone- 

gt of the force palygon Betonsing te any jomb iw which 
—breees lermmales: the dress & the peece FG by the fore 

BIE Prete force pclyqun, comet 30-07, 
Tee at 1.) An ooo the whole Truss is shewn fre ee 
% en : ‘urn ander The exlernal forces, To fend the pulls ps 

: Prrausis Che. Tersiens ey compressions ) in the preces {comsid 

er thal if at but Two of The forces of ao closed {orce poly - 

en are Keown 1% meagn tude Grd dive ton . while the dvree. 

hens only, ef these Iwo are known the whole force bolygen may 

be drawn thas delerimoning “A of those Two forces 
a wy The lemglhs of The coreespenc Sides , | ) 
| — We must - begue with a jotnl where no more Than lwo 

J pieces ™ ad as at x , toll the jonts ot B y 3 Guach 

the con mq force polygons «' B' de, Fig. 356.] 
— Mence at K' (ary where on the paber) moke ab Th cod x 

Coy Seale) fo the krown force AB (ie. V)) potnliny it at the 
— ubpe Jp evend andefrom This end draw be = aud ll to the © 

neem force BC (i.e. Ww.) pomlusg Tas ot the lower end. 
To lose the paygern draw throuh C a Il fo the piece 
CD. amd Through & a il to AD5 thew tnlerseclon deler- 
mines’ a& , and the Polygon 19 closed. Syace the arrows must 
be point te butt round the periphery, the foree with which the 
rece CD ads on the pin of the jant & ua fore of an 

 omeount = CH and & a direclion from ¢ Toward a 

pence the piece CD ts mm compression; whereas She 
athe of the prece DA upon the pin at x is from & ‘- 
— weawd co C drredion of arrow ) and heuce DA is in len- 

S207. Noliee that m con sirueling The force poly gor Pe, 

— & waht handed ‘4 or eleck~wise) relalion has been absery- 

these cabital lélers in The sbaces of the sbace-dingram, 

The siress en the prece CD fer example, shall be the foe 
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ed itt consid erring aa tern The shaces A BC and D yound 

the jor. m, Q similar order will be found cowvenrent im 

each of The other jomls. 
| K owing now The dress in the ‘preve CD, (4s wall asm DA) 

of het Two of The forces acheg on the pin al The jomt B ore 

Yinewn and ectordmely we begm a e balygou., 8, jor By ey Se aca hb Be a2 bo 
gan but pownled zz the oppostle Atreclon , sce 

the achen of CD onthe sant B is equal and opbosle bo 
ils aelion on the jomb & (this desreqards the weight of lhe — 
piece}. Through C draw ce = and Wl fo. the forte Ck 
(Me) ard porting the Same way 3 The ef = aud lh fo 

the dowd EF (Fc. PF) and pomtng downward, Through 
j drawa Yt the pece FQ a Trerough dal to te 

“prene GD , aud the paygon is closed, Thus delermmmg the 

syesses in the pieces FQ and GD, N olmg ihe boi de of 

the arrows, we readily see thal FG is in combression while 

CD ts m Tension, 
| Next pass Io the jomt S, and construct the polygon a 

thus delerrmmning The shes & GH cud thet ad in 

AD, Ths last force ad should cheek wilh “its equa 

and obposile ad already ddlermined in palygon ox Aneih. 

ex check consisls in the proper closing of the polygon y' 
ali of whose sides are now known. 

OQ. comourd slyress~dragram may be formed by Saber 

, gel the palyqons already found in such @ way as To make 

CAMA: Sides Rercide 4 Lut The chawacley af each stress 

5 not So yeadily percewed Then as when they are Kept Soporte 

ju. & gummilar HANEY Wwe wry fine The alyesses im any 

bm-~conrecded frame -work i ont plane cud havmg no re- 

Auamclany preces) under given. loads : provided oa The Stipporl » 

ing forces or veadion can be found. Jn the ease of a bree 
édemarch (russ a5 shown m Fig. $57 ; hinged is the 
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% men Ss dt ee ate ana not {ree To “slide Valerally a ; ae 
hem, the readisns ab O ana B debend , ane and | = 

ci nd only pert the equal iors be ae. 

: Bie carcn. Truss. Sunk | 
cases will be Trealéd Jaler under t ‘ 

arch. vibs or curved beams, Gr 

& Ewa : 

. OK . THE SPECIAL ae eiy tee ITS RE- 

: 5 LATION To THE STRESSES INTHE RIGID Bony, 
3 Reproducing js 350 awd 351 im Figs, 398 ond 359, 

a dina Caireve Brat. curved beam is th equil: bivlana taney ilee 
fovees” 7 Ee i a aad ~ we call abu. the sbec- 
. a equal, bey on fae i correspond s fo a {orce dia, 

eS ohi.t. . Same erder of {orces has been chserved hat 
Die whch they eccuy along the beam from left iF right here.) 

Bese the relafions belween the force diagram ond equil »pol- 

- ¥gen, thes SPECIAL e qusl ‘Polygon in The egies | 

has ke following Pprapeviies th Comneclion with the corre 

ant rays (doled lines) in the force diagram . 

he slresses ih ny cyoss~ Séclion of the portion 0 7% 

4 the beam , ore due 16 , alone > those af any Cross sec- 

wn on APR . - Awd Ye ke Xo The resecttant R jwhose 

a 0. qnidude iS given by tee lune Gar im The the force 7 dia~ 
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ak. STATIC S$ 18+ 
hile ils line of action is 2b the fist segment of 
ae ~~ Ny, the slresses m BC. owe due 

4 a. 

Wi ment be “is mag ¢ beng” es yn ae Pe aan 

,. FE. YW we $ tion ai mi be ex sed consi ce 

the 7 Pach Hessis er internal forces) at m ae: the 
- axlerior zs “abblied eyce $' ay t ond FP — Obvieust then, 

the ree a ra are fust de idee as if Ky Wh ve: | 
= al tour a Po ang , acled upon an POPE ade 

fralengalioh' of the sare inteysecling be (see Mig 5 

| R, might be called the anti. slres3~ resulta ut for Ihe 
, rice, BC of the beam , We im may ‘\ slale the folloning 

at a Tt bod 13 a7 € uibbrism under a Syslerm Notew 

“Gaveuren pe S a a plane, and ag etd e- 

— guilibrium polygon has been draw, then ath ray <: 
= the force diagram is the an shess-resultant of theds: - 

wt £9 ari e6. Ota? Be BE ee, bage ee 

portion iort r¢ bearn at hush k corresponds Ts 13 the segmenlof 
the egal, brian pelygon To whick the ray ts parallel; 
q Lael its ine of aglion 15. the Segrrent just rwowihiasns - 

<4 Evidently 3 it te in 15 viel One rigid piece , bul ceraposed 
g Ta Yn of UNCEMEN led. blocks (or Youssdi ts ), it Maar he cor - 

sidered wgid only $¢ long ag ye shipping lakes Place or disar= 
| rangement of the blecies; cond thas requires that the “arte. 

Divessves,dhant foy agen sort belween Twe blocks shall 

: met Ye oulside the wad i surface of ihe jerwt poy make 

feo Senay an angle wilt lest: shi anh or ‘ippthg eur, 
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| QRAPN, STATICS. 
t cam ple. af thé see é Fig. 362 , Showing ao dine 

ecks tt equilibria bader five orees , “The 

M Pp, Pp ee: - pressure. : 

as Vh ise $ $i ae. borne at 
Vo. - a ot ae ao Nag | P, the ‘jornt 
lk : t ¥; ae es * 40 5 en . Se ee 

pace dingy, ) R' yh) ¢ i ae = ie ee 

+ ¢ force deagrs ye forces 
3 Fig, 6 2 art diagram gud 

he 
| oy At. 

| . 

joe 
Bae 

ee & the line ab, ‘This doustraclion Supp eses ath = 
Sets given excstl one , 4, amount aud bediietr: awed ‘Set 

» that one could easily be dund im amount oS being . aa 

‘side remamuhg Th close the ey belygon whale is po he 

would cébencl on the equal. polygon . But iy, Pewc* e 
the. Two Fovees ce and R, ave qenevally uukuwn 4 

the pomnt ©, or pele of the” foyee diagram, Can ae 

2 fixed yrov the sca equil. (a logaled. tant ee 
y consideralins , owlside of those $0 f ay presented are Brent, 

% ait inks bla = The brogtress af Pratt as will be wiles 

een, YL wit} Ra Baty iy oe ar bilrary tral pesiliens for a 

the ‘ple QO. and sims pad hg Bal “equals polygons. a(n 

cers os REMARKS, In ‘problems Ty be Treated ote 3 
aur tly Cerlhey the shff arch: vib , or The block~wo-wlk of an 
ar rite 3 of Masonry when the body \s considered free 

the jorces held - in equal P wilt be verlieal C loads, due — } il 

ravity ) +) except he reachons at the two Jo exlvewilies | 

Pia, 363; bu for Convenience ech yeachton wil be 

re] oced by ils hor dont aud verlecal eombenenfs (see Ag. 

hi Two H 4 Ark of Lourse i Soa See 





oe GRAPH. STATICS 
j Ore fhe ‘only Nforces m the system, Rlencefarty all kes 
kf ygons under discussion will be under slood tc iby Ri. 

md of SySlem af forces. P ar tte will vepresent the 

a Ridinent reactions H the ee of either borizontel 
ponent of the Same. . 

34 CONCRETE CONCEP TION OF AN gauin. * 
YGON, Any equi . Pelygon has this properly , vg Ge 
™mede of Beastrustish, WZ! If the @b and bc of Fi NG 

a were imenderable slyaight reds » joinled at b without 

ton _ They would be j we equilibrium feet The syslenn of 

es there gwen; see Fie, 364, The M4. 363. pi 
ab suffers A COngbrestion équal } Pp ; * © 

fe the La of The min Fig. 357, ~> 5 di 

ama be ee wx FR, ‘ Si Some fp gst -? 
5 g 

cases these rods might be in tension Ty 
id m oO 9 si links | hg” tre part a sus- 

are 8 ga f cable 

iven ar i$ i Te “va simply fe} Vaca ~ 

ry he 9 or seomenls of an equil -petygon , Zieh would 

| bfort the gwen loads in equilibnum if the abut yet 

“be inks ea’ oy B , te which The ferminal yeds ure hinged , 4 

Ww ‘2 +i"m. Sn the ‘present case This equilibrium 5 unsla - h 

, “since the yods form a. slanding slruclure ; t hut if they eit 

re hanging ing , the equilibrium woul be - -dable. Stl, im, 

by pot: ase. a very light bracing , or a \ittle rats 

aa a}\ ‘Soin! 5 would make he ne Equilibria stable. 





uN ak Tire HH Facet NS 

4 ne € Duagvam 

‘oa Sede git b the rich 

% Given tree loads P re orn if 5 aud Two “zalagelovend 

a veracals” A’ aud B’ in which we desire the equal balygen fe 

‘ term iwaake ) lay off aD a” load. Vine” , 10 scale, . be aud P , 

 énd Bend th Ther order, Then selecting any pole ,O draw 
a The rays 0 |} : O4% de. of a force diagram ( the “V %s and 

F P's Though reatly en the same verheal ore separaled shght- 

Wy for deslineiness; also the H’s ,which bolh pass Through 
8 and divide the Iecd-line inte V, aud V,) We deler- 
Mine a corresponding equil. polygon by dvawing Prong by 

A (any pombin A Jalme Nb Out To interseet P 
tw Sorse poinl & : Throwg all te O1.2 and so on,unhl 
BP. the other abulment—vertical 15 shuck ik some paint EB 

a AB 1S The “abulment-line” or closing -hne : cote 

By cams another poml for O ,anolher equal baly~ 
e  ebare yvesult, As ou of the infuute eect eh 

Could thus be drawn, for the given loads and the A’anaB' 
_ werligals)) is The sbecial egul, polygon for the areh-ril 
- er stone arch or other structure, tr which the leed# rea, 

15 Te be considered hereaffer. Tn ony of The aboee egult. : 

polygons the imaginary series of ymnted mods would be 
4 im equil thriune. . 

336, USEFUL PROPERTY of an FQUIL. POL, FoR 
q VERTICAL LOADS. ' Particular cast 2 & 323 ) Se 
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GRAPH. STATICS _ ed: 
bare: Tn any equil - - balygon » Mpparling veybecal leads, | 
idey as free any rreanbey of pen oe stents or 

Co hes aoe portions of the 4 ™ and 7 
—— whack we Supbese cul and 

The cormbressive forces in 

them put m, a, mud > 

in order fo aes aes: 

a er 486 7 asa free bedy, 
E i For east. ,aecording le Stalies , the Ymes of achon of T. - 

ee TY, _Cthe Compressiens nF ER reds ) must intersect im Ps 

a m the line of aclion of the resdlant of For PF und 
2: _ iy The loads occur | at the inlerventng dies That — 

the pomt C muck Wer the vertieal contains the cenlre 

qravily of these loads. Since The thon of This ver- 
shea must ‘be indepentert of the equil . polygon 
used 1 AAY olhey C dolled limes tw £5, 366.) for lhe Same 

“  Yeads wil Give the satne resullg Mence the verteal cD, con- 4 

aang the centre of qravily of any number of ee ie 

leads , 1 easy 4 by drawing the equil polygon correspond - 
ing Te any key chagyam Koyo i lead- ang, 

7 ~ ySEFuL RELATIONS BETWEEN FORCE D/A- 

GRAMS AND EQUILIBR. POLYGONS (fer verhcal leeds) 

357, RESUME OF CONSTRUCTION . Ry. 36% Gwe 
tn The leads ¥ sic. Ther verticals | and The Bwo Abul ment 

e -veriteals We ak B’ wim whieh The culate ages he ; 
owe a off a ad ie So , take any Sinnott 

Re ao tor a force- diagram as comblele the lalfes. 

For a corresponding equal : polygon, ASSum e any pert Fs 

ae The verkenl A’ , for an abutment aud dyaw The suc- 

- Cessive ao A a be, ve ‘ respectively bes) ls 
ie 

= iene 

as with, The leads ot ther porns | €.9, The 8 Me aaa 6 Be ae: 

~ 
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S33{ jj GRAPH. STATICS 14 
Ye shelthed lines of The force diagram (RAYS ), thus de- 
Termining finally the abulment B iin Bees which (Ben) 

mat tr. general lie in the horizontal Through A, 

Now jouw AB, calling AB tre abulmentebne and af} 
to it through ie ~ fhus fering The pawd, nn 

4 ae 4 eae loakbave ree 
mt nn” as above de- 

q aad INOEPEND- 
-")r ENT OF THE LocA— 

Fi ; ee he > ion oF THE POLE, 
‘ * oF ee : x A’ ' ae B Go: proved im 8 329} 

et Rg. 367. 4 ° dwides Be load- 

wwe iris Twe perkion s ie i od > aud es nin) 

which are te vertical pressures whieh Two supborts rm 

the verlreals At ond BO would sustam i The gwen 
heads resled on a henzrtlal ngid bar as iy Fig. 366. 

See § 3297. Newe le fend ike 

Rr ‘peint n’ we wray Use any ¢on- 

i venient pole CO J N.B The fores 
3 Vi ant VW) oof g- 367 are nol i- 

denkeal wilh if ond Vo , but may be oblained by. chropbin g 

a | from © to the Yead line thus dividiey the load-line 
inks two pethans which are V Gbber peli ae 1. 

336. TH LOREM. The vevireal dimensibns of ary lwo 

rk. E polygons , drawn To he same loads, lead- 

gerlicals anc ahbulment verlicals, are qrversely propor- 

tonal % their H’s (or pa eatoreee We here ve 

dard an equil. bdygen aud Ys abulment-line asa closed 

figure. Thus, fh rg. 367 , we have Two foree ~dagrams 

Orit Q@ common load-lime for conventence } and Their corre— 

Shending equal, polygons . for the Same loads aud verticals. 

From “§ 337 we know That On’ ig il bo AB and On’ 
is li to A,8,- Let CD be auy verltcal eulting the” 

ld 
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Mee GRAPN.STATICS ~— 1G 
first seqmenls ef The two equil. belygons , ‘Denale the m- 
Tercebts thas delermimed by z' and _ , respechuely 

. : From fhe bar- 

~ adlelisms hast” 

reenbioned ind 

others mere 

farrvliar we 

have — the 
a A O1n 

~ Sa Fig 367 + smilangis the 
aa. CS ov, J | _ Be! Prades) 

Cand ‘The é\ O,in’ Simm ilorr te A Ax, . Nence he 
‘proporhens teas } th. x aig aie z: \ 

bases and attitudes Tee H, re 

ae! z: - “ge a2 : H ‘i Stu € epee of 
proof may easly be abplred to the vertreal inlexce fs fre ay 
other Seqmenls | t.9, z” aud Ze ‘ ae iy 

339. COROLLARIES to The feregomg . Tt is evident, hat: 
C4} fs the Hole of the force ~hagram be moved along 

a verhcol line ‘ the equil, payg on changing Vis form in 
a corre sbond ing manner, the verlical dim ensibrs of fhe c= 

quil . polygon remain unchanged s And ; 
{2) If the bole move along a straight line which Cons 

fains the peint : we the direction of the abulbmend -line 
rehains conslantly parallel te the former hne while 
the verheal dimensions ef the equilrbrium polygon change 
ee mvervsé broporlion te the “pole clis Lance or oP af 

Te force diagram, [H is the “Y distance ef the bee 
brow The loads time aract is called the pole - deslance . 

§ 340, LINEAR ARCH AS EQUILIBRIUM POYy- 
GON, 4 See % 316 ) t+ ite gwen Joods are angi 

es = 

ee oe 

£ * 
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Pe WARACH. STATICS iF | 
with infiniialy smati Tevasnlal sha Spaces helween 

3 eeutbrium polygon becomes a LINEAR ARCH, 

\y we Can nt deal with These irefmilel sraall leads 
ag ud from § 336 ikis evident t we ve- 

a1 ™ SuLcas Sve Group s , by finite forces, each of 

=the Sum of those composing one group ands 
ng abb lied reek The eenhe af 

ae bu ahaa ERS: Raat of th pee a ei tan 

ee TN dere on cular Foret 
ee eee \ whose seqmenls wit be Pr: 
Pog ee ee, gent To The curve af The daiere~ 

- oe 37 shondiho linear ayeh and} di: fs Pia. 9 | QO ‘ 

aug ee. ev B eale i‘ postlion er suf. 

; Cient exactness for bractieal 

ses, ca f"'9. 370 The SUE LESSIVE ‘pons of Tan « 

f as pm aH, a \ve ne under the a 4% 

BE ARBITRARY POINTS. te tee 

1 i i yervlicals the thiva 
Del ween the verticals: a Phe Two. See Fug, $2¢, "The 

4. ; rade Fr ele. are given, we Thess verticals | while A, x Ps 
iB AE the three boinls . Lay off the lead lye ere: 

. Yate Convene nt pale, oF s constyucl & ee sdiagran 

iy ate —< of loads itis ve- 
| i : 19,37! quived te avaw ar 

- ewe . ; i aye’ i éq uilibrium for hert 

Me; fem | an through dny fives 
7c ‘ : ag , pein’, two of wheel 
-" a aad af B 4 may ne com sidey- 

r Sen ! 8 ~ { ed as gray: 

‘ 4 Bi fan H she 4. outed of \t NE lead * 
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Taer a gorrestonding ‘pre: wen nay! €< fiat! - pol Py fONe begun a it 

at A TES right abwlinent B het ie oo throug! 1 Ss 

¥ dp . Thess onan On’ seu naw ee avawn Te AB, , 5 

ermine nn. a3 Se wy. XM te 5 A. “The ae of reared 

equi. polycon mush he on n oe (8 3337), Draw geyl ; 

cal Through ‘p P Vhe Y- a the Sagi equ. pag. D0 

rust Sales ie preboritlo+ Citi as on 

(See cs 338 Nemec conshract. . 

Sy comoule Y fromm this roberhen Gnd draw a ¥erylrea af i 

& dislance H. fron The \agd oa (en Ine yeft cf Har ony 

Re meres tls wlevsechon wilh ni T ¢ awes O the desired 

pale a whic aw ae diagvana WL ae drawn. ge 

a ecrrespondeng ‘4 ee bequuniug - The. Yori pom! A 

eo . 5 throug P and. By it 1s not drawn in thy up 

aye 349. SYMMETRICAL CASE of THE Foxe: 
GUING PROBLEM. if hwo pomits A and Baye: ona 

 Yewst , he herd PP on fe maddie le Al eel 1 

% = HEY 2 3 Geek Tre Yeads (an ever even oe Sync drwally 

Sent bela i. bosilion aua rain € abou a p are 

— eee rove Semple , os foows i : Fre, 8 x 

ar ; { Pn et From SA tHe ry 

f v1 rash Oct uy 

é +3 ; \ ee \ 9 an 
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9342 GRAPN. STATICS a) an 
ef gran of the lads Breurring Ov9 he left - yard it al 

a shan (see $3 336 ). tn the yequared equili bri bole yg Gi 

the seqment conlameing the point fb must be horizontal. 
and Yb inlersecthon (both. Pore sed} wtle. dae frst Segrnent 

~ must lie tn CD. Nence delermmis thes inlersection oa hy 

| | dy ater ine Tre vervleca} CD and ahorizonlal SN i de: 

then jar CA, sitar ts the fosl sear segment of The mee 

 eguil. polygers . A \\ Yo CA ons ; 1S The {ws ray 
. i) . core shondin y force dita. garcia Pea delermimes The . 

e O on the hos2on la) thy ugh 1” ‘  Gom)l et PAD in 

| for Acccpra for This pee. Cat of it only, here), fhe 

yequired aqusil. polygon S$ eu si) fireshed alt Coe 

er lrealing gaeren ote 7 ees cama loadest | 

hs tomsteachion mill b q 

 §343 TO FIND ie Yee OF LOADS @w DER 
Which A GREW EQUILIBRIUM POLYGON Would BE. 
jw FQvjL) | agit FIG: S73 . het AB be the gwew 

a. he ; crt pa 

Pot one as ah 

draw a |i fo 
: each yen ¢ 

af the equil. bol- 

uo, : } Sqr - wer - 

: eal | A> Ny culling hese Wwres witl raw € tele reeb ted. 

bom iL a loadilme 1 23 whose pearls 1.2, 2..3 

| cle. are propevkonal ty the successwe eads whit, 
“placed on the covresponding sornls of The eg eral Apbacee 

will be Supp owed by whoot equtlbyrecier (io Stabe) 

Ore lead risy be assumed an the others Comsirac ed. 

og hanging? , as weil as @ Slandind , PQucl. 
aly tov MAY he racatt with tw VWWke Manner , bet 

, i 
writ he ine stable eqguilibricm . 
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_ ARCHES < oF MASON See 

Right Axches of Masowy. 

‘ ordinary " mail” ek a bas, one 1% 

he Bocce are | to the axis of tho cylindven! 
sl or tundey Bur face the SUCCESS WE blocks forming 

arch-rmg are called voussoirs [vso— swars | 
joalt between them bemg plan Planes which 5 Prolonged, 

be Y ot generally 40 owe oYrmore hornorlal Bikes $e.4., 

Mose of a theee- ceubred arch in three Hl esieaied lineSs, 
¥ nese of a circular orch pe one , the AKIS of the cyt ae 

vs ele. ElWiapht arches ave also ack a 
ey —— surface t% called the soffit. te which the 

cvyadtal jornts belween fhe vousseiys are made ‘perpeud - 

te sar. AE curved hne te which the sett 1s talewseeled 

| is of The arch is the IN- 
of Bravos. The cuyve es Same plane as the inlra~ ; 

| Bos, Omd bounding Hhe culty exlremitics of the joints be- 
* ween the vousscivs 1% celled the SR RAnGS: 

ee eo 

ca! e's ; 
Soe? Bee A Aaa a 
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Fig. 374, gwes rae Jeyms 1 use 1M connection wth om 

LOE. arch , and <tplains those clveady given. 

ee MORTAR ana FRICTION, As commen + teow 

nacity as an et of stablaby tn ee 2 any SRE 

te hie Size 5 Thaugh hydraulic morta and Than jomls ol oy 

— dinary 3 Can Semelimes be depended en, Frictio’ M4, 

4 however, belween the surfaceseaf conlizuous VOUSS O1TS jbew- 

ever, Plays an essenhal “pout in the stability of an serch. 
oma will Therefore be considered, 
| The staloiity of youseny ~axehes must +", be made 

ts Te depend on the yesrskance ea oe Conbres~ 

Fy. sort and To Siding ee aber 5 as also ef The blocks 

| com posing the ale the foundations ra the laltey- bemg 

346. POINT OF APPLICATION of THE RE — 

; SULTANT PRESSURE beluween two conseculiie vous- 
soivs 5 (er prey vleeks), Applying Navie’ S bremerple (as 

in flexure of beams). thal The pressure ‘per unib aren 
os a joml yares uniformly from The extremity under 
* oprealest Compression Ts the pore of \east Covapression 

E a of ne combression) § ek. ytmeetvene Thal negahwe 
pressures (4c. Tensun) can not exist, as waght a 

ny; 2 tuyved “beant, we Peay = Sai the pressive per | nee 

mil area, tae Rearensa ‘pew a a joint C from the. + m- 

Wades loword the exivades or vice versa ) by the erdin- 

| ales aa straught lye ae the surface ef a a trap- 

 e2eid ov Triangle. amesvhich fequre the fool of the orde - 
ale of The cevirve of gyvavily $8 The point sf hieclion 

of The vesuliant bressure. Thus “ Fig 3755 a. 

where The leash Compress tov is Ss Kes 

Gy posed fa exst ab. fhe infrados A. the 

pressures yavy as the onus of a 

A | 
i “a 
- 
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Reoiccine to a maximum Fig eee | 

eat B gin the extvades. In Fig. B 

a aud vavies as the ordimales of a tri- 
Aw he, the resulfoud pressure acls Peactk . 

Ja Point GNE THIRD the jomt -leuglh from : 
Pay Similarly ik SY fe ils sactad By 

the jomt lenath from B. Nene when the 
* presse | iS not zero at either edge fhe 

: , aul pressure acls withu: Yhe MIDDLE | 

THIRD of the jo joel. Whereas, if the re- Fa. oi; 
— sullonnt pressive has with caf the middle 

Nard, ‘t shows that « portion Am of ike 

me ie see Fug, tae recelves ne Le 
uve, he, the SS ee SS m. 
« Pane bor Tred no fant a8 ae. 
: the vesullant pressure must fa) wilhovi 
ae ping middle Third . 

att. ewel: be Oe Gates us Thal the onl Surfaces here 

| deat settee are veclangles seen edgewise sh The figures 
ena FRICTION . By experiment it has been found 

Bre angle of frictc n {see 3 [S56 foy Yet Conhigniens . 

$s of one saa iS abou 30° ‘ t,t, , The to- ‘ 

ec: of friclen 1% f = tau. 30°. ae 8 Ys the di- 4 

rection af the pressure exerled upon a voussoir by Meee 

a 4 ae makes an angle less than 30° with fhe NorR- 
NAL TO THE JOINT SURFACE there is no dangerof 

g of The arch ley The sliding ef one en the diher- ‘ . 9 

“See ce 379 : 
BAS. RESISTANCE TO 8 ate 

@ CRUSHING. When fhe resulta — 

eet fallsat ils exlreme allowa- Ec 379 
ih de 

ty pote Writ ,viz. The edge of the middle thid, 
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@ MASONRY ARCNES 147 
ure ber unit of avea of 1 » Pig, Wiss 

ig double The mean Breese per Pn 
avea, | Neuce , in designmg an acl ‘mm 

apg we must be assurect tad af cr. 32 

t Ctaking 19 as a faclor of i 4. . 

ae = The mean tie a aaa tu Cc 

ne s per anil of area ie 

w ig the ultima te pesslanc€ to Cru shin nF, of The maler- 

gaat 201) C Modulus of Pee 
F Po. > alamma GNB FOOT thicle will Biase\. “ ConSid~ 

ered in what follows , careful allention must be i Ys 

jan sels Pleo u matey the ro 2a 

<e 
— i Be le ieee = 1.5 Ve per sq. te 

Yes bev ch dex 2 ts S a nae 

hid is much) anes - 

* = ef Sig for most building slones 5 see5 204.0" 

oy At jomls where Ihe resullant deseene falls at The 
om , ine rae, pressure an ogee inch would be 

\T Ths meat tt * 5 bel, for 

oy THE THREE CONDITIONS op SAFE 
Qui iaaiun for an arch of uncemerled yous sors 
— Reeapilulaling the resulls of the fore qoing Bee: vaphs , 

we macey dole 29 follows, the, three cond tions which 
pt he sdlistied at every “jowtt af areh ~ > ring aud prev, 

if a ie possible combs maliow of Loads pon the SRuclurey 

ae 

a, A. a 
ae, ak 

“ Se yf wiles s 
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§349 = ARCH. oF MASONRY 1978 
4.) Vhe reswiant pressure must pass welhin the 
middle - third . | 
e ree The vesul¥ant pressure mush nel make an angle 

a, eg aa” with the normal To the jen 

 —- (B.) The mean pressure per anit of area on the — 

; surface of the jot must not exeeed ee of the Modulus 

4 of crushing of the material. SLs | 

«850. The TRUE LINEAR-ARCH, of SPECIAL E- 
a QUILIBRIUM POLYGON sand the vesullant pressureat 

q any | joint. ‘Let the wei ght of each vous sore ond ils lead 

be vepresented by a vertical {force passing Shrough the 
entre of gravity of the Two, | | | 

5 asin Fig, - . : 

Taking any Two bens 
Be A a "A ving ; 

¥ the last; also a therd 

4 pemt “4 es the crown 

joint Coupbesing sach Te = ile aie 
4 Pes: Eiken qenerally @ Key-slone octubres the 

crown) through these three boinls can be drawn [$34 

an equrlibream polygon for the oads gwen; suppose the 
2 equal . polygon nowhere passes ouls.ide of the arch- rg 

— Cthe arch-ring is the portion belween the inbrades m rt, cow 
the (detled) extrados m'n' ) tnlers eding the jomts at b,- 
Y @ aie... Evidently if such be the case } amd small metal 

7 vods (nol round ) were inserled at A. 2 e, ele. ,50 as 

To sebarale the arch- slones slighily , fre aych would sland, 

Though im unslable equilibrium , the brers being fir; and by 
a different choice of APs ond B, it might be possible f : 

draw vlher equilibriam pelygons wudite Seqmeuls cull ueg 

4 The joints within the arch- ring » and +f the meal reads 

2 were shif fed Te these hew wlerseclions fhe arch spore, Fp 

. a ¢ 
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ARCH oF MASONRY © 199 
\ and ¢ wn unslable equilibrium). one 

olher words rif an o slands tt mas be possible to 

grea, Beier f linear eee with the lens 

+e e arch-ni Ting , Secs Ries pon, delermine an equa librin 

ig Ay gen (ev linear arch ) for gwen leads . The questic 1 

mses then: WHICH. LINEAR ARCH 19 THE Locus oF 
THE ACTOAX RESULTANT. io Pda AT THE Su- 

_ CESSINE JOINTS 2 | 
Segui The arch-ving os an elashe curved beam, 

ese te Tir - yhotaed coming) the blacks ot the Springing -lin’ 
ere incabab ) and ee secured pig ors 

: et al jerals. . the By he cctany is lowered , the most sat - 

| -isfacls answer lb this queshon w% given mH Prof. Greene's 

_“Arckes B.1381 5 but the ee combulations there- 

mbloyed may be Soe Ga ti hagesi sh weplacect by Prat. 

pay a graphic dncthend 7a onstruclions fh i Sth 

a\ Staliés “ published by as Nostrand -New Yok 1677) 
es method will ao given in @ sabsaiwent chabley ow 
Arch Ribs or Curved Beams; but {for arches of masonry 
Be racks Oe precedure is eee exact for braclieal 

pose. This wil now be preseviied | 

When iwa elastic Blocks Touch at. tne edoe, Ra. 392 

ther 22} 1 sides ma a boat Cun: le wath: 

each 6 1try and are then qradually pressed. 

frore and move forcibly together at the edge mR, 

a. Pee wilhoud’ allerng Their posidion an ularly | lhe 
alee x conlact. becames larger and larger, vom The com- 

pr eestor which ensues (see Fg. 383); while the ye sult - 

é eet pressure belween the blocks | st ap : 

pled at the extreme edge rt, oe how 

Mm advancecl nearer the middle Z the ‘ yorn\, 

With This ih wiew we may veasanably de- 

duce the tcliawing Loa of the decation of the TRUE © 
i) ce. ‘ 

= pec 
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— ARCH OF MASONRY © 200 
EAR A RcK (sormelimes called the line of bressures . 

“eur e of bressure e i aH an arch undev Given lage 

on j and ak £iRM PIERS .(Whelher the ‘piers ore realiy | | 

g unyieldix under The ie a thrusks ol the Sprraarng cling, 

18 a mal r for subsequenl inveshigalon. | 

= -35t, KOCATION OF THE TRUE LINEAR ArcH. 
Granted thal the vous soirs have been cles el y fitted la each 

‘ 

7% 

- 

ee 
pe ‘ 

| 

iS 

4 — eguilibricam gon can be drawn Chy roper selection 
df Ihe poinls “Avp ma B Fig 381) exlively witht the 

The middle third ( Condition 1, § 347 ) ¢ and am a 

1 a J 
r , } ae 7 , ies ee hem 2, ; 

id x Sete. - a. 
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ARCHES oF MASONRY 20} 
at tt, 

mus! be changed since, al hough tho arch may — 

nd rom the yesislance of the sbandrel wails , swel a 

21 ity must be locked upon as precarious and nel coun 

aanced qe any large imborlant slraclure, ( Very fre* 
aently in small arches of brick aud slone 7&9 They cetur 

in busing s 5 the Cem ent 1% $0 Tenacious ; fret th € wh ole, 

— Mraelure ‘ts virlaally a sin te continuous wrass ) When the “Tree Mneay a has once been delerimmeci a 

the amount of the resultant pressure on any jaunt 1S gav- 

oem ley The length of the ‘proper RAY in the force diagren, 

_ ARRANGEMENTop DATA for GRAPHIC TREATNENT, 

363. CHARACTER OF LOAD, \n most large lawn 

—-glone aveh bridges the load (permanent load ) does not 
Sade SD . : 5 : ~ 
consist exclusively of masonry up To the road-way bul 

4 *parhiall | of eayth filing above the masonr Y, except ct the 
faces 4 the arch where the sbandrel walls serve as 
Be relaining walls to held the earth; Fig 

364. Tf the inkkados is a half 

 enrele or halfrellib 

bunt mason~ Kerth: Ca 
Reh 

Sank ‘ se 

Bi ry backing ges 
Be AS carried ee 

P Fig 384 
Ss beyond the ay 

Ry eee shringing-line 42 cout Go" or ¥8° 

B SS YH r ay from The crown ; Fig. 38 3: so thal the 

aaa 385. porlion of arch ymg belaw AB may be considered Qs part of the abulmert and Thus ARB is 

mi the Vix Lal springing Vine fer graphie lrealment . 

——- Somefimes , fe saare filing, Small arches are bull over 
} 

¥ 

{ 

ij 
: The haunches cf the maim arch swith cart placed o= 

very Them as shown tn Fig, 386. 
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ote Sige SNS ye ee ae 
i osu ae eee 

of the “aaa cases € ig cus- 2 Fra, 396 : 

(To consider thal son actounl of tease 

j rand ing of the Bee ai the arch lve 

shell , jie Toadir al a qwem dislauce | 

tre “ the crown tke unforrly ds- 

ty buled ovey the width of the yoadway . 

, 8 354 REDUCED LOAR-CONTOUR 
ea The graphical discussion of a prsposed ao we Consider 

Pe remind one FOOT thick this \amma, being wevices) and 

4 m4 To the Axis of the arch ; 5 1.2. the lamina 3 tl te the Shean ~ 

dre) walls. For graphical trealm ent equal areas of the el- 3: 
thus Jaming ree AH Fy. BB 7 Somes! represent equal weighs , Tak 

3 ing the malenal of the arch-ving as a 

ar ) slandard., we must find for each pond 
ne The eyhrads au nvnoginay heignt 

387 z of the arch-rng raalenal , a 

Fosld give fre ane ressure( per remmving otuaadal foot) 

: ats Frat pat OS sae wto The ackual load above thal bomb, 

Eh number of su ordinales , each measured yeylieally ub- 
| ones from the extrados delevmine porals 1 in The “REXDUC- 

® ER LOAD-CONTOU R™ ; 1.2. The Imag inar \me JAM, 
area belween which and the exlyados of the ee 
4 venls, « homogeneous lead of the saime densily as rhe aveh- 

: ving, aud equivalent Te Whe aclxal load (arow exhades) , 

_vevial by vertical vertical | 

L855. EXAMPLE OF <i 
REDUCER LOAD~CON TOUR yy 
fe, 388. Gwen an curch -xing - : Z 

of gromile Cheaviness = 170 © > Spring. Vink” 

7 Ss. per exbic foot ) with a dead Feg. 383 

Yad of rubble (heaV.= /40,) and earth (heav.= 100), 
r bina asin fiqure. At the point p,of the ee 

Sy The oie 4 feet of rubble 15 equivalent I lo a debth 

- 
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ee ARCHES OF MASONRY eo 

. =e = 4Al at. of 4 siento zwh: Je the 6 feel 

x fis Beart lent to ore we ; 6’} = et See feeb. af co 

Hence the REQUc. 17° 
J KOAR-CONTOUR has an erdinale above psef 7.6 
at. Thot is , forever ‘points of < ae 0G exlrados 

: duce the mille eydinale in the ee at {70 140 aud 

a The € earth oxdinale am the ralio 170 2100 and add the. re~ 

- salls . aff The Sam verleally from the point w iw the 

q. 387 1s obfaned ,aud the ave 

ae gwen ts Te Le Trealed « as 

representung he eneous 

granite ohne foot Thick . Thas 

E: of —— now includes lhe 

: arehsr: ning oASO. 
356. LIVE LOADS, In. discussing a railroad 

oe, bridge the live \oad™ Ca Tray ra joeo malives:, €. 

St To Yake an extreme case ) tan not be disregarded, 
and for cack ef lbs positions we have a. Separate REs 
DUCED LOAD-conTOUR, — 

3 Lample. Suppose the arch of Fig. 365 ts be 
Fe At. weade net meluding spandre) walls | aud Thabe 

E Tran af ‘lecom 6 olwes WAG ha 3060 ths. running 

| focb of Yvack covers one rae 6 ef The shan. Uniformly 
ei Fyibuted ay, over Thee widlh | 12 ia t Thas vale, af 

a ag -1S equivalent To a THABCHYY 5 ae one ag 

hah aqud 250 Ibs. ae cub. fi. heaviness tebe tS = 
4 quivalent b a heigh of 1.4 ft. a qranala penseety 

4 Since B80 4 LO = t- a over as half shaw fon - 

371 iw om obvious manner. iq a es ie 

Bind, j fer graphic Seminernt 

i Bah Pa 4 > , 
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PIERS AND ABUTME NTS. oe a seves of 

a ches The ‘pier belween Two Conseculive arch es 

timbly, The weight -of the Two adjacent SEM I-ar- 

us. the Youd Immediately above the pier, and «. 

need } te be as large as the abulmments of the fivs! 
arches , since these laller rust be prepared lb 

; Thrasl o am ath ey arch on the elher side, 

i oO very: lony sertes of arches a 1S somel tim eS eus- 

iy’ to make a fa of the intey medi ale piers large @-. 

: ast as abutments These are calle al “aboul ment 
+, 

and in case onearch should fall no others wouldbe 

a 

- ERAPKICAL TREATMENT oF ARK. 
| found the | Pedi. Necks conlour, asin 

Yo proceed with The graphic treadiments ive. the 

€ investigated. with regard by stability. tt Way ie 

6 oblic ue thrust 4 of Their axches without help 

4 | for ro given arch and load swe are 

giver. oy assumed, form And Thickness of archering 

a ‘Ye \reat eter "Ki leaning und ey "the ‘Sous 

Bg! 
+g 

. Gn e > ~ 

ee Sees a ee 

wae fy age ee, | 
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$358 ARCHES OF MASONRY i ee 
CASE IT. SYMMETRICA) ARCH axe SYMMETRICAL 

LOADING $ 4 The" Sleady Ge mean ent ) or dead“ jgadon 

teal ) Pig, 373. 

= eee Symm ely we need dea! ; te with ats one half (say the left ) of 

the- arch and lead. Divvde This semi- 
| Ki ‘ rike arth and load inte Six oy Ten caus. 

i fkl chan ~| tons by verlical lines; these divrsins 
omsia 4 bezoids and slic 

: ; FELOTWOL widiia 

: @. convenienL whole number of feet ) except the last one, KN, next Re abufment , ond This 16 a pentagon of a dif. 
erent widlh 3 Cthe retnant of the heyjzontal distance L, i) 
[he weight of masonry in each dwision ig equal Ts : 

L | aes se Wid \ “al Os e of & 
(the area, of divisor) cae munis § Sey A) 

: ; . tre aa Ya) a 

and 15 abhlied through Ihe cenfre of gravily of the divisiur 
' The ef a Trapetoid . Fig, a He ro BC h+h,J . 
¢ h aud ls Cenlre of qravily. may on rm Fig he 

a 

+ Fig. 398) by the constraelicn Tiga ae $ i ae *, Li in & 26 5 oF by ey ee 4 LB 
4 44 4b The “sgt t of the Pentagon TN ithe 

Freq. Fig Py ,and its ne of abplie@- a oh Sy 
Tien (through cenlre of qravily ) may be fourcl BD: 
«egal vesulls {or the lwo lraperolds nto f 
yw ich ik 15 divided by a vertical Through T', H 

Ow ConSidey A P the mid- Lae Noel 
ale boint of the abulment 
joint , as the slavlivg peml ‘ 
of an equalyb rium pelygon 
(er abulment of a linear arch) 3 : ce * 
fev the Given loading , and ye- A : ; ee - af 

quwe Yael this Boreal thy uum i+ pote ~ 4  aaetiaeeeaee FL ee Bi ) ; D 
“polyqon shall pass thraugh oO 
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ARCHES OF MASONRY 208 
ide of the crown jamb, ota through: The middle iy, 

. ent joint on The right (rect Show mm figure), 

24 asin 8 342, thus determaning the polygon 

sale the half arch. Drow yoints fin 

PAcctes | is indersected y the verti- 
- separating The dersions (nat The Grew 

gage The Posts thr meroeaael 

m polygon , Fa atT, are the heeds 2 apbhiealien 1m 
se a rts bat ely = the resudlont pressures on then 
this 1s the us linear arch fer thas arch and load) 
ile the amount and direction of cach such pressure | is 
en by the ‘proper ray im the - e - ~diagrom, 

Tf & ony joint $6 dyawn the Vinear Ouch (er equi, be}. ) 3 

es oulside the middle third of the arch- ~¥mg, the ‘port 
or poe beth) prs be judserpusly aN lhe 

ale Hed ta ARs a Hnear arch which keebs 

: tf thid is fouxd impessible , 

t as the pains tray he tmereas ect ok The 

y a Caniing a Smaller increase Yrward the crow n) 

one the fe. resect oblained ; Or a change ; ve the dis— 

F rut Mm oY arrount of the leading ‘ if allowalle oy 

, TY bul one linear arch can he drawn al Bee 

2 middli third iit. may be considered the Fue’ one - af 

Severa athe one mosh nearly conmeiding witk the dated 
os he {see §§ 35] and 352) is so considered 
P ae Case Tt 

UNSYMMETRICAL LOADING ena SYMMETRI- 
vee 7, L ARCK. (e.g, exch wile live lead covering one hal{- 

“span asw Fries. 390 and 341 ) Nere we must evident- 
y use rn fut force diagram, and the full eevalion of 

18 areh-ving and load. See Fig. 378. Select three a 3. 

Be 





i Al a el 

bach « as the more Fy ate 
as loaded 4 in the other RO, yon. take B 

+ rp exe Year of the middle Third 3 and fake fb i the 

of the Crown jomt. Nex by g 34] ar Cn 2gae ocoaasl +. 

Ay Cie a linear arch) through these three bei's 

queen set of 3, and “if it does nol Ye Mtertse sabre 

| aaale therd | try iw posilions for A Pl a ere B with 

T e design, de, The same Dee is apbly as already qwv- 
m ©. S. 1. ‘Very frequert tts no MECESSAYY ee 

2 Than ene lmearsarch gsc tie Yoading ; for event 

: ak be draw neay er The middle of he cxch arm 

. The aga tL IS most alway s ‘ ay eut ot mere 

“and the one already drawn Of with middle thea) 

oo: joints , ae thetr drreclion anglese 

| oe L Pie. for the aN TH iareal — is nat by be 

‘con eked satisfactory anti kis asceriam Pret, for the 

~- lead ond Any posible combmelion of hweload (in ae 

ia he pressure ok any © yomnt + 

4 iG). With the middle thd of Vhot aw 

F (8) At an angle of < 4o? with the normal b jowel -Sasface. 
ce AS, 

“a .. 

“ Ca). of a Mean bressure Ver eta tack not ei Yio 

ast ie Ultimate ev nshong resislanee .CSee 8 44 ) 

adh Ped. As to the “true apne nek” ait 

values suf} hevently accurale f yor Ihe pressures iF 

ee Zita 
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ARCKES OF MASONRY | 208 _ 
ABUTME NT&, the olulinest should be tormbact- 

i built | aud is then. Wealed as Or $¥ng le vq Vee ee ae 
me pressure { the lowesl vouwssory wbow ib (con- : 

ee eects 
The stabiith of The abulment wil depend. 

compute ‘the wetght G of The covrc= 
_ spowding abulment OBRS and load 
MN BO, and {ind The ceulre of gravity ee 

af the whole mass C, Apbly Gia dhe ee 
verlical through Cand: combine it 

ei with Ff ab thet inlerseelwn D, The 

[G resultant B should mat cuf the base RS ix 
: a — aboint beyond The middle Thevd (Cov, if Ths rule a 

ges Teo massive @ pier take such awidth that 
Me pressure per square inch ab S shalncbex 
cBafe volue as computed from § 362) Afly 
at Trals a sclisfaclor width CAM be Fal tame, | be 

dd also be assured” thal the ongle PDE is a 
(80°, The hovronlal foinls abo RS shold 
sled as if They were pm lern, the lowest hase, a 

tessary eae hachimed (\ike ™ n) i brevent . er 

Om vojomt should the maximum bressure per 
neh te T= Than We Te cyushing strength of 

ent, Abdtinewls { firm naluval rock cre of Course % 
ferred where They <an he had, Tf waley ben Reh: 

under an ath utiment its b ant oe lessens | 
sokil of The laller To « Constoerahle extent. 

= 2 

aes -os. = 5 = eas 2 ar : 

sep ca ii UNS Coe oar Bae “ = a a cs 
Ot RE iE ge ce ace De ance Di ote Pala, a a ‘ = 
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ae ot i Ae a : rf, we bees te : vad * 
: : t . 7 A s ‘ ae . j 

Bay oi “i 

erase. ww. ee 5 x ald a ea a ee 

Boy + c Fh ae “42 sH “ ® a2) el , A ol i, Mt : ‘ik bp i 7 

AE Rates anemic inh aaa paces a Elida Fey 
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arenes OF MASONRY god 
MUM PRESSURE PER UNIT t OF AREA 
RESULTANT PRESSURE FALLS yp ANY 

, sangepsinm dish buLion, of the pressure gee & 346 
, . 2 CASE Ay Let the resullainl pressur< 

. - fal wifhia the masale Thirel o | 

c Aistounee ef md &t La fom 

: a middle af yom, Pipi. we. 

ha ae hove the {Aowhag. welothons + 
eS eee. p (the mean pres 38 lacy 54, m) 

press, per $9, in), ry p, Cea ast, ih ae} i 
orlonal le the lines h a vert), a Cmax, base) min, base) resbeclwely, of a. Yraberetd (Ra #00) 
vhese Cenhe of qvavily ued ails. But ( % 26 ) 

a Mes ok g Ah or Az h (én41) 

aap. ii the following table + : 

| ee the mean 

thew the Wa Ag « 

I. “e 3 fea maleide he mid, ea. ne 
oe OS aa), from middle of * owt. Neve sce Ihe. 
hes “tol considered eda) € of with Slarad ive 
i: a Triangle , cnslead of a lrapezesd , Rig. 140 |} 

uv 60 tpule Ihe Mra» bres, ber $4, tn 

ode GSD or from this table: 
a. ras oun one Yat thide ) 

TANCE FROM HE MUDALE : j eecording to  Naviet 

" 
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ARcH - RIBS OO 

KI. ARCH- RIBS. 

INITIONS ana ASSUMPTIONS . An arch-rib 

gear ch 5 as disln Gu shed from a blocle swork aver) 

curved beam, either solid py burlt ub of 
ie truss (amd fhen called m braced arch ) 

itn which undey « given leading and wilh pre- 
node of supborl ‘it 1 herve proposed To celerminé, 

a suposed aymmelrical sheat On verheal blane 

1G its AXIS or vmddle line ; and the Moment of 

- cyves Seclion 15 Undeysloud To be referred Fe 

of The section A waritel (the ays | 1S per bendic = 

Said verteal plane, Tt is assumed that in ib | 
aition undev a load, its shabe dif fevs $0 \itlle 

. when unslvamed thal the change in the ab- 
rdinate of any poml in the vib axis (a curve) 
lected when added (algehraically) te yc co-vrdi. 

self; also That the dim ens ions of a cross-secllonare 

compared wilh the radius of curvalure af any bart 

—eurved axis , ard with the span, | 

MODE OF SUPPORT, Either exlremily of the 
be hinged te its pier Cwhieh gives freedon Ts 

tangenl-line to turn in the verligal Plane of the 
. a load is applied}; or may be fixed jhe. 
th yey oited rigidly t% the ‘pier that The end- 

ine i$ incapable ot changing its Atreclion whena 

applied ~ A hinge may be imsevled anywhere a- 

rth and of course destroy s Ws ngidity , ov yesist- 

to bending at that pomt, Qo hinge having ‘tts pm 

zontal and ie ac the axis of the rib 1S meant, 

th no more Thon three such hing e& could be 

inlvoduced along aw arch-rib belween Ywe piers -‘ain- 

ee Pa 
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: “ARCH RIBS oe * an | 
pasig ned te b Ck A eeaes igs oa a i 

es “ penssbn cable . 

U no setlton be con ceived aie Lis: rly Hunk 

xed 3 emcee 1 tr% dealing with. that mode of sup — 

- end af the tib will be Considered aS howing a 

: Pongdlion reaching To @ boint verlically above 

nd there acted. an ey a foree ‘| suth unknown a ~ 

t and divechon AS To eon die € aclua) extremity 

, rib and its Tangent tine yn the same position. and 

7 oo ae may ave. As Aer Dlustralion of This 
ie cae aie 

x feentics Oo ae. 

her forces of pes Se e: - : | x a | ki 

holding tim equal brim a + A Ros i 

horizontal and verlical components. of lke G 

yeaclons (H VoH. ond nas and in Mus case of 
Pat Binds. . Back of thesezarcactions SH single foree 

2 Fersedlivig the end af Phe vib » bub culling the verli- 
: oa thes end m some peint F (onthe left; 

ae So the rig Pee Some verlreat Aislouce 

ad) from the 2@ 
/ Betas 0 QF, and B RG , the brer 1 beng - 

os el removed. Compare figs. 346 aud 350, 
ne Imaginary Leints par hinges F aud & , owill be 

a “polygen (dotted broker iwi } while 0 ona B ; 

hole mt tree ove 1S ced oT o pth + eat 

Yow: the pier = piietion , an aie Wie pakrin.” distance Yrome 

Neuce the ub lity of Yhese rag: 

Setiahiavents ) such yor the special be re 

ya si Beit ie be ssa 
oy Ser as, Mh gee 
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| ARCH- RIBS. ris 4 

eal eéuds of he cuyved bean , or rib. 

sysTene of forces there are fwe unknowns viz 

art PMS.a the dislances @ aud dl, Their adder. 
by analy 518 | if he vib 1 is aA aes | arc rs eX. 

inAnteale seach tedious 3 but by graphweal slalres | 

fady” s method 3 see pf, (79 for reference) tb 1g com - 

vely simple aud eae. aud applies lo @z Shae 

ib. pence sufficiently aceurate for prachiea pur bases. 

S method consists heey orn leadiu te the Jeeta - 

1 of the“ shectal equals vient polygon” and ils force di. 

om. A Case the vib - 43 hin ed iE The ers y the ve. 

tons of The later ack Through ie ing es je +03, 

the Boulments the 5 ook «os 

bee ok wih Ba 

: u e “rib ‘O and Bond o lf. ? a 

gue wen, nih and lead the aga aa ig 

a ia a H ; C shactly there Ag. 3 

axe fours bub ee oe HH) The clus ve by au 
‘eS is possible only {ov ibs of Simple. alg ebraic cues 

is long. oud cumborsu $ 5 whereas Prof. Eady "; ‘ 

hod i iS comparalwely ft) ana simple he i 
plicable Te any Shabe of rib wholever. 

-; 367. UTILITY oF THE SPECIAL EQUILIBRIUM 
POLYGON aud "EK force diagram The use of localing 
of ese with now he jllushaled [See a 332| As prone: 

4 Sky aan aud 334% the compression m each “red: 

a segment. f the’ ‘sheeral eq url thy Gam Pelygon is the 

anti’. slress resultant of the cross sedions tn the corre — 
spe nd Ing porlion of the ‘beam rth, or othey drueclure , 

th 1c value of ths Compression res Ibs. or tens) bene 

pea asured by the Tength of the parallel ray nae The force 

ne a 2 Prat . Suppose Thal tn some at (% be ay blawesl sub- 
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1@. 13 tie PES ae Pa ky , @ud hence The varialion of 
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Sion er axes Aig a 43 jae e ra Shs gran 

2 ef the Ss ~ from secien %e sechion along the rib. 

wens angenk and normal at any eink m™m of the 
7 Son _ ang prejecing pon them || m Tere 

‘prober 433 gs. 1 oe a. oe 
4 67 nae o%. “a ey the Tt ound shear | 

ection ot are. When found in thes » “ay fer Ov num 

fount along the mh ther values may ‘¢ laid off | 

) al nes from a horgontal axis va The Sartioa!> con te 
g the respechve and thus a “TRRUST DIAGRAM 

SHEAR PIAGR AM may be formed, as constracted 

433. Noite. that where fhe moment 15. Ama = 

- maminum Yhe shear: ‘passes through, the value 

Com pare 3 240 | eithiey gradually or suddenly, ak 

Pas the may. or min. octurs belween Fwo loads 

SSG A eee | 
f ise : ait is evident | From the geemelrrcal Shack mvelv- 

rl Eat these peink a the vib where the Tangent -lne 
ay €\ to the seqrrent of The equil, Ppelygen yust below, 

the Thrust is a nylon @ Yecal routine) 

vt (of shes. couple jis. either a may, or a mrt 
+h @ shear is ee ee Ret . 

a. Hz = 2 > he ee nui 

igh b From the ocak a Fh she ube = 
aa f2 oe a realest compression a $4. 

2) may be {ound } m each ee ee A seni 

Mies Ft be Comstrucled fox This ed, b+ 
Re. Temper. Stress, fe), 
os sae ax, val 54 evever 1b actu iw The ab must be iyi og 

— Gefe by broper designing of the vib. The Max, Shear 

" gan & “SEA AS in § 256 fe delevimine thveleness { web, 

lg the ert is J shaped. 
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ATURE STRESSES, In an ordinary br, age 

A 1 styarght hovizor kal girclers jree Te ee oY con - 

Peds alig. audin Classes A oma B gf § 375 
o54 there - are no Shessés induced by Scant of lem - 

for “the form ot the raed or - Truss % ioe oe 19 Fig _ 

oh the manner ef ports “bub ett the arch nm 

hinges C hinged ‘ate CC) awd of fixed ends — 
DB) eae am movab é preys ovbath ae the ais 

ares uae Two ends fe remoun the same at ca Tem 

Bb eae ever the ee Be 1S nel the sam < 

+, > when the ~it was pula ce. These may be 

hg as Filius: as if They were the only ones. anc) then 

2 ee. wilh | ose onc te The loading 

= Hinge D ENDS ( ae on as 434 
= | Lett Rand I be at 

i eS wth, albae packs: Soh dng 9 eae \ - pos! 

M < i lales as.an § 377 
a t7 “\ force | cr | 

2 ie *4 diagram, ek t= Tene) eres 

H 45 Fig. Ture of Se ae 
4 me aia sth er 5 RL 

aor peralure ; als « oe 

Al a = a ala e) and. pan Coa “ene 

© at Vemberatiore ey ae must oe, oa nee eae a 

4H al eack hinge Te brevent Exbansion mate the. 

Oo ee (dotted curve) whiek ts The form galuyot the 

{er » Temipevalave U ie ie SE conslraint . ss Wes may ee 

lad r the ackial form OR as having arcs from the 

a w el form 0’ B by rye ee 6 te Oo Wie producing 
Sia Tiare zowlal displacement | i se 1 oy ‘ 7 





— —— ARCH-RIBS El adel 4S 
a Ax (see §§ ah a 37%); (w. B. ® ie 
oved , but this does nat Ax f theaxXis Kis ha- 

ere >te-merding Sect tre Shan ) ; anc the ordenale * vt 

4 an. of the vib is tdentica’ will ibs ZZ or inler- 
wt and the shec. equil, polygon whieh Here eon - 

te seqmrent only | me OP, Tis force dacorrenes foe 
‘al —? ray O n'y see Fig, Aaa: a ae B72 

é Sy, s 
2 

My as and M = Hz = om this Case Hy 

| B 4 hance fer qrabhies. Oe Me 
7 { yas eke aa EQUAL As."s , we 
ae 7) have 

B 

prain ae te ai Pqual << earth peas he a 

si nee for vercught 4 iron, ¢ and t being re 

| rerheit deqrees, 77 =0,0 000066 Tf £ 
din ths. per square inch | all din ear aucasitit hes 
“ u inches and H wil be eenda in pounds. 

s Aes be obfained by 5 378°, or may he sombuled , 
Rnown , we find the moment of shress couple = He 3 

ae ae es thrust and shear at thal, te 
f Oe sf Hi. Q. of o, 1: Be > “pon the Tangent ano 

orm al, The stresses due te these ms Then be Adlemunad 13 

seclion ,&$ already so frequently palin ond then aie nes 

ae ie “as Ane i loading . 

aes By. TEMPERATURE STRESSES wre ARCH-RIB 
Ww : | FIXED ENDS. Dee F Pig. 435. Same postutales 

as to ) symmelry 3 conslout | ele, as re S 3820 ep iy aud ik: 

ae 
ands | 

+ a x iP 
| 





iii. {as aes Oy: ¢ By ot 

Bee = ibe » Te have | Te 8 7 

OB which The tmavable piers compel | 

Uz . Bab here ,sruce | the Taugenls Be KF: mae <F 

the same nice conshrant as before, fhe Teo Yovees 

nb 0 the aducn of the piers on the tt ~musi acl on 

a prolengalions at an unknown race ao al above 

O8. Te find am and d we need two equat bens 
a? we have , sme M= Hze= H (y—-d Ne 

, he. cet p= aa (4-2) y ds. 

| , equal 

E e. 3 i et ( ve HAs{2 “4 _asy cto 

=r 2 There has been no de etm The ang! £ belween 

7 gents , we must have aes § 37 | 

he izds=oy) : [o $= 

ics. wik eguas ee a S 7s aya = (4) 

‘< on x n dencles the number of As? s. From (4 

4 grinine a lade then from é2 core, com bule. +4 Es 

¢ the RS nik) FG. Ao is the Shec, equal. belygon | oud 

Pectin evit af the hess couple at omy ae — -Hez. 

ate faust od sheay Are the brafechons of H= On? 

the Tomgent | ove d yormal resbechwely, 

ee 1's. a | 

FO ss We, bn 

Eh Sas 
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a ARCH- RIBS. 24S- 
ve ple, nm one Span , of S30 feet , P| the St, 
age having a 158 of SS feet and fixed di the 

farce H of Fg. 435 i¢ = 108 Yons when he 

re 15 $0° Fahy, hig her fron the lew. - of evet- 

the enforced Shan = 35 iiehes eae Taam 

KA CE O'R the shan ay 5 thal higher Tempera 

Evidently if the aclial ae t is lower thax 

2 x : erect yeh H must act wa dy Lion Suge to ; 

ih o dae ty The gerne Le tided. thrust Se 2 
sglected 25 an agency causing a change of eee ee se P 

the vib axis . This change | in the Jeng th of the dil fer- | 

lens & the vib curve m ay be trealed astf N were due 
chav Ie of temperalure , ar Cxarmple , from S i9F we 

ha a thrust f (oe ae aia f uber 4 seclicnal a- 

{a ark tinehes th an oo mb wwhese yralenal — 

a of Garkety = x 4¢ chi oon hs. per 

7 ond « coeffierent of rohan = 00000 66 

ee. Fahrenheit, preduces q shorfen rag ioe Tothal . 

‘ x ing of | len pera a, = devwed as follows ; 

Sy 100000 at = = 50° 

lO K30 doa C80 EE 7 .0000066 — 

Fe ea (units , inch and Wb). 

3 ee Prachcaily then, since mest meal arch bridges” of Class- 

es > are yvalher flat 4 vr curvalure , aud the Thrust 

lnc To ordmary modes of Yoad ing does nol he more thaw 

or 30 per cent. age He wtb, An imaginary. fall af 

valure farresponding %; an Eran hres +t ‘1m al 

me case of leading may be made jhe basis of 





os eo RIBS ; | ang 
ache > Similar. Pesan m 3 354 a § 365 (accord - 

5 The ends are hinged or - fixed ) from whieh new Prrests, | 

ae sivess~couple ae ote 4 may be derived To be | 

ath. those Previously obtamed for Joudmg aud 

“@ of lemperalure . | 

RESU ME . Beis now seen how the slyesses perv 

inch | both sheavim and Com. iow [ Gr Tension 

08 ohtained 3 in on port of sie Pe “ a oe 

E ‘or curved beam of the Reds described » by Ce\4a~ 

at 1e results due te the three sebavale CAUSES VIZ 3 

d ta change of Tem ey aluve sand rb shorfenng 

y the thresls due i the iGeak ‘That is, m any Cross 

Tress? in the outer: fibre ts [icteng 1 Me T 

he thrusts. due fo the three Tp desioriabecliely, i) 

ned 5 Gey Hay (H2)" the moments ) 

Bets, aN 4 £[ysrs'+09 wt) 

ee sq. ine compression i{ these unils ave used ) 

ie Fig 436 ee the meaning 6 42 

the same used herétofore ) ig 
i 

: A ne moment of inertia of The sec- 

ey @ fen eiout Tha gravity AX1S Cheri - 

oe r, ae g we ¥ zonlal ) he Fz area 1 CvOSS -Set- 

- aad thon. le, ~e ey, seein caper 

. = Ze For a quent loading © We WARY 

>. ee the Mayihewum stress fe ot ales 

m3 . rib ,or design the rib so That Mis 
ig 42¢ maximum slyess shall -be safe i As 

, ‘ | . material 1 employed. Sunilarly, 

a, “ ea shear( tal nol bers¢. Be jee it ie - 
Toil ablarned {or ies? seefion To Coin puds Ct prober 
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NE ARCH=T TRUSS. 5or braced arch. An ope n= 

Se f of homogeneous ce {rom end le end > MAY : 

ed asa beam of Seciauk Seclior and Cent 
| if Curved, Vike the St. Louis Bridge er leas 

3 Bridge (see § 375 Class D), may be fread 
; ths Hs moment ef inertia consists of the 

ey * nese. Rg, 37 ay F, 

“S/ ” owhere Sa 
Seelig . area 
“pees Il te the curved cross = ‘ 

. vOM SS, ae » Fig, 437, oY wet 

ice behwveen Aen: | 

; re curved axis — 

ng TaN, ares 

&. equal. bol, Sond 

ag m ler given 

# ae oe Re doe AXIS 

eas t 

ree 

at 

A, C. the} 

x m of tee 

ere 13 A Cerlain 
Ni moment os u rl rs A 

thrast = a aud 

ot clwaers J) blac: 
XS previously explained i We 7 
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may then wrile. P Sin p — F ° and Thus ddev mine 

whether i. 4S Q Tewsion or Comm pression 3 theaa ewe 

Ss + tT tes f= of Be 4 Gir yi ch: ae is 5 ak a 4 

: A plus sign if & compressron 
cud minus of Tension) ond pa He ...G) 

2 
1 | : Rare cays 

we combule PP. ond Fo Rotate AYe «Summed i be C, €gte 
~ ‘ 7 : ) ~ et ; 

‘pressions here f A Ss ihe angle hel ween The Weis Teton bo 7 

pe 
ana fhe fangenL i 28 . QXAS ot TIL the midde | lise ieee. 

1 8 . Ps : 7 ? . % | es 

See - ic +O 6, as ANH exblanahen A the. melhed just adapled. 

re NORIZONTAL STRAIGHT GIRRERS, 
586. EN0OS FREE To TURN. This: eorresbonds es 
an arch~+ib wiih hhu<ged ends bul jt musl be understood 
fhal there is no hiwdrance bs horzgonlal ata eal 

Vi A= on a ay Ve n'3 | rm 

reals ny 

a Shraught 

bear, 

si 4 at 

iy bent Se 

Lng ev 

verttea) 

% no hemnzonlal tor straint Qs a arkcular case vivid 

of on ren vib 1S evident thal Since the pote dislance 

mist be zere the special equil, clygon wil have all 43 
seqymmenls veriical and The Corresponding force dhagram re ~ 

duces [5 a@ single vertical line (the \aad line), The {wrt 
and \asl Seoments must. bass threugh A and ( pemls 

4. : ; i ; a of 

ef No momen t) sesperlwely , but bei 9 verfieal wilt NOL whe 

fey see! So and fae Leek. jhe * emameler of The Special Eg 

qeilibnum Polygon bies ap an myn dislancé abeve the 
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Span AB. Nence the actual Spec. equil, bel, 15 useless - 

. However knowin thal The shear at ee oud he memenl 

M (ef shes couple) are the only quavililiés perlancne Ta ony 

$eclrott TT (Fig. 439) welch we wish le Gefermme (Gmee lhee 

heer We Heres as the bear) and eee: thet an rm ws oS f 

force +H Ved henzonlally at €ach end of The peam wold 

have no tf we WCE it Ader runt the Shear cue yeemenl 

aim as due Ts the new sy slen of forces- Thus formed , 

hence The shears and moments may be oblamect graphically 

trom This new syslew (viz a the joads = ele. The veriical ye- 

achons = Aud 8 5 and dhe fire equal aud spposite a *8), 

| | Evidently, since H” has no mem ert about the heulral CANS, 

Cor gravity XS here of boas the moment ot ATt well be win oof ~ 

Ns eed since 1" bias ne tenbonent T ts the 
hear at m, The shear at PTL 15 The same in The new 

syslem of forces, as th the eld, before The introduction of 
The H"’s. | Agee 

Nence Vay off the loadline |. Qn. 3 jg uly e and con~ 

struct Or equil. pelyg. whiek shall ‘pass Through A ane 

B aud have any convenient orbilyary. H” (ferce) as @ 

Pele dislance, This is done by {ist poe: n° onthe 
Yeag- line using The auxdhary pelygen A aB te ox pele 
eo} Grbitvary), and drawing On’ UW te A'B’. Taking o 

oe & hevizonlal Through TY’, making O"m! = KY we com- 

plete the jarce chagroom ond equil. be) AaB, then,z 
being the, inlercept Dbelween 7 ond The equil. polygen we have 

Moment ao m= M= Hz (or = Hz’ alse ) 

Om Aye ae ' 
Sheavw BL mor J aoe Jie a Meo pbrojechou af the 

pepe vay RK. 307 Cy: Q - “por the verlical those h 

<i e ae Ba we oblamn M aud J at wry sibey sechen 

ps R > I ‘ ‘ 
The moment é{ nerha need not be comslant Wn thus case, 
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387, STRAIGHT HOR}JZONTAL GIRDER of FIXER ENDS, 
Neo. hortzcnlal slant hence neo Verust 1 covslant Ends al 
and aut or. ado Ni Dae ron ce a 

same evel. { 2 mal Cousiaey The whale bearn free (eutliy, closé. 

| , I a BE ae The walls ) pus ng 

fin the unknown 

upward shears 
ae Quad a 

eae. j mF 

# and the fees 
€ 

~ s ¢ C - F 

ppt . : stress com bles 
‘ 3 ig 4 Pepa ft 

; ~~ ~X ak trae a i nom ew, Ss 

. SER a 
or a : ; r Ni aud M. 

~! ‘ . 3 
~ rf 

Sa , ; at these end 
Oe ee 48 

: Seliions ; Als 
bi 
$ So a BO aS MM § 35%, 

an arbi brary H* horizenial 

and iin hme &f beans ot exch: 

extremily Now ihe Couple af: 
i : 

: O aud the foree a Gre guia 

of ) ' GS ee Jen to a Single heriz. H" aban 

FF; tan Kirvown, veriical dislawce ¢ below: Oo; simi lenly at the night 

hand end. The shec, bol. FG 15 le be determined fer This new system 
Since the eud Tanger ls aye fixed me MAs = G4 ts 20 zAs =O 

and since C's dishlacement relaliody T. Bos laagenct oot Zens 

Memeve > MxAs=0-. S WexAs=@ «OS xzdseo 
N gsice tor EQUA) Ais "5 5 ne (=)= ie; and ee) =O (¢ 3777) 

Now {or Our bele O™ draw ax equal. bel, Eu" GC amd in ib locate 

yam seas to make Pe ie dio Sma and 2(xz™)= 0, Trew 

aw an ee ee 

we ew et Hy im a 

a ee ee ee es 

verlicals thee” the inlersections E'™ aud te delermme E ond 

:® on the beams These ave bomlz In bel. FG. Dryeiu OM," if 'g 

2 m" Ke fix 7 5s ‘Take x pele O" on The howz. Thro? nY make 

oy GE 5" a 1 " G@rotrary) draw the force diagram ey 4 34 

axd 4 corresbond im equil pal, bea erring ot FE. Tt shoud eit a 

From Thies bol, FS may be oblemed the moms. 5 aad shears fromm 

he forte diagram 
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